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THE ROLE OF MEANING IN TEACHING THE 
FUNDAMENTAL PROCESSES* 


HERBERT HANNON 
Western Michigan University, Kalamazoo, Michigan 


The common goals of the teachers of arithmetic are clearly recog- 
nized and may be stated as: 


. Teaching the processes themselves (manipulative skills). 


) 
3. Teaching the applications to everyday life of these meanings 
and processes. 


Perhaps we may think of these goals as the “‘whys,” the “Shows,” and 
the “whens” of arithmetic. 

A survey of students in teacher training classes usually shows that 
the second of these goals has been stressed adequately in the tra- 
ditional courses in arithmetic, with less emphasis on the third, and 
little or no emphasis upon the first. This is due undoubtedly to the 
fact that the teacher’s confidence (and perhaps competence) in 
achieving goals in these areas has been in that order also. 

No manipulative process can however be of greatest use to a stu- 
dent unless he feels that he understands adequately the principle 
underlying the process. Certainly then an explanation of the meaning 
of each process presented to him must be given even though the 
explanation may be at times somewhat superficial from a mathema- 
tician’s point of view. Better still he should be encouraged to look for 
these plausible explanations or understandings for himself. 

Our system of counting and recording number size and number 


* A paper presented at the convention of the Central Association of Science and Mathematics Teachers, 
Chicago, Illinois, November 29, 1957. 
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1. Teaching the meaning of number and the number processes. 
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values is in the main easy to understand and should be adequately 
presented to the student in the lower grades. While the beginning 
student cannot be expected to formally state nor fully understand 
the laws of our number system, the materials presented to him should 
be always in conformity with these laws. 

The second grade student who adds 45+23 by adding the tens 
numbers first and then the ones numbers gets the correct answer (68). 
In general it will be necessary however for him to add the ones num- 
bers first and then the tens numbers. This fact must be pointed out 
to him if he is to add successfully in the future those two digits num- 
bers in which the sum of the units digits is greater than ten. Thus he 
is being called upon to adhere to certain rules of our number system 
even before strict adherence to them is an absolute necessity to obtain 
correct answers. Certain authorities therefore have advocated in this 
case that all of the addition combinations be learned before the stu- 
dent is asked to add any two digits numbers whatsoever. 

Similarly the counting process between ten and twenty is retained 
in our present system as a residual of counting ideas from some past 
system of counting. The student (perhaps teacher as well) cannot be 
expected to know why we have distinct number names for numbers 
up to and including twelve when there is no present justification for 
such names beyond the number nine. Such tradition may be very 
confusing to the student especially since we then use the concept of 
“teens”? to express our numbers up to and including nineteen. It is 
only after we reach twenty in our number language that we begin a 
system for naming the numbers, to which we adhere strictly in nam- 
ing all successively larger numbers. 

Children must accept then the number name for twelve and that 
it means one ten and two ones and hence is written in symbol form 
as 12. 

However there are relatively few examples as above where the 
child must accept a mathematical principle or convention without 
adequate explanation. The number of such situations should be kept 
to a minimum, and whenever a reasonable explanation can be given 
for a process to be used, this process should be used in preference to 
the use of another process which “gets the correct answer” but for 
which no adequate explanation can be given at the children’s level 
of maturity. We should avoid the necessity for having to say of a 
process “It works; therefore we will use it.’”’ 

Certain examples are in order: 

Two processes of borrowing in subtraction have been commonly 
used. These are usually called the Take-Away Decomposition 
Method and the Equal-Additions Method. An analysis of the solution 
of a problem by using each method will illustrate my point of view. 
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Take-Away Decomposition Explanation 
Method 

We cannot subtract 6 ones from 3 ones 
so we take one of the tens from the 8 
tens making 10 ones from it and leaving 
7 tens. We now have a total of 13 ones 
and therefore can substract 6 ones leav- 
ing 7 ones. Then 4 tens subtracted from 
7 tens leaves 3 tens. Our answer is 
3 tens+7 ones or 37. 


Equal Additions Method Explanation 


13 We cannot subtract 6 ones from 3 ones 

83 so we add 10 ones to the 3 ones making 

— 46 a total of 13 ones. Now we can subtract 
37 5 6 ones from 13 ones leaving 7 ones. 


But we must also add one ten to the 
subtrahend 10’s number to “balance 
out” this addition of ten ones to the 
minuend. Then 5 tens subtracted from 
8 tens leaves 3 tens. And our answer 
is 37. 

We have actually replaced the original problem (83—46) in this 
latter method with the problem 93—56. Of course the numerical dif- 
ferences are the same in each case. The best reason for this latter 
process that we could give to a third grade student would seem to 
be that “It gets the correct answer; therefore we will use it.’’ We are 
certainly asking the student to accept the fact that we are working a 
different problem than he was originally asked to do. I would object 
to this if I were the third grade student. I am certain that this latter 
method is being used in many schools since in every arithmetic meth- 
ods class which I teach there are one or more students who are using 
it. There would seem to be little justification for the presentation of 
subtraction in this manner. 

As another example where meaning often wasn’t made clear to the 
students, we might examine the teaching of the multiplication facts. 
The multiplication tables were often written on the board very neatly 
and assigned to the students to learn as an exercise strictly in memory 
without any explanation as to how they were obtained and the seem- 
ingly evident relationship between multiplication and addition. Since 
I was taught that way, I must have succeeded in learning facts for 
which and between which I saw no relationship. However a more 
adequate presentation would have resulted in more effective learning. 
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A few years later my younger sister was learning these same facts: 
I heard her saying 

one four is four two fours are eight three fours are twelve four fours are sixteen 
and so on. 


This was being said as a poem without any pause for breath and 
little if any evidence of comprehension on her part of the relationship 
she was expressing by what she was saying. However the relationship 
was at once significant to me—and if she had ever stopped for breath 
in the right places it would have been evident to her also, as 


One four is 4. 
Two fours are 8. 
Three fours are 12 


And so on. 


The procedure by which she was being “‘exposed”’ to the multiplication 
facts made direct reference to the idea that multiplication is a process 
of repeated addition of equal-sized numbers. As such the process 
had possibilities for comprehension on the part of the student at any 
time that his maturity and ability to reason had become sufficiently 
mature. We cannot expect complete comprehension by all students 
of all of the processes at the time they are presented but if the de- 
velopmental and computational procedures are presented in a man- 
ner which is reasonable, comprehension may come at any later time, 
as it did to me, when the additional maturity needed has been gained 
by the student. 

Addition of fractions was also a meaningless process when it was 
presented to me by my fifth grade teacher, for I was shown how to 
add fractions using the following device to obtain my answers. 

Since the relationship between the concept of 


12 twelfths and the original thirds and fourths 
2|9 which it is desired to obtain is so far removed 
a) from the actual computation, the significance of 


the steps followed in obtaining the answer was 
meaningless to me—the average student. 

At best we must say again that the method works—we get the 
correct answer. I would not have known whether the answer was 
correct however except as I was so informed and rewarded by the 
teacher for my meaningless efforts. 

Contrast this with present methods as presented in current fifth 
grade textbooks which are full of carefully worked out, colorful dia- 
grams accompanied by adequate explanation. The meaning of the 
steps we take to change “unlike” fractions to “like’’ fractions in 
order to be able to add them is thus more easily understood. Even at 
present however there is room for improvement in certain presenta- 
tions. 
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Not This Method . But This Method 


1279 yp 


The middle step in the example at the right is of course left out in 
later examples after we are certain that the student knows the mean- 
ing of equivalent fractions—but the necessity for the sign of equality 
to connect the left and right sides of an equivalence relationship 
should be retained at all times. 

Traditional methods of division as taught at present make very 
little reference to nor present a very adequate explanation of division 
with whole numbers as being a process of repeated subtraction of the 
divisor number from the dividend. A division procedure which em- 
phasizes this relationship has much to commend it over present pro- 
cedures. A textbook recently published presents division in this 
fashion. The following example is taken from this text.’ As may be 
noted, division is presented strictly as a process of repeated subtrac- 
tion. 


One Procedure Another Procedure Conclusion 
35) 1330 35) 1330 35) 1330) 
~350 10 | 
980 
— 350 +10 ~700 +20 
630 280 
~ 350 +10 ~175|+ 5 
‘ 
-105+ 3 
| 38 


I:vidently there are many possible ways of doing successive subtrac- 


' Hartung, M. L., Van Engen, H., et al., Seeing through Arithmetic, Grade Five, Scott, Foresman and Com- 
pany, 1957, p. 83 
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2 2x4 8 
23 | 12 
3 | 9 
34 | T2 33 
0 
8 
~105+4+ 3 
38 
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tions and finally concluding that there are 38 thirty-fives in 1330. 

Of course much trial and error is needed in using this process but 
no more perhaps than in using the usual procedures and we are certain 
that the student knows the division process in terms of what can be 
accomplished when it is employed as a computational procedure in a 
practical situation. That is, it is a process of repeated subtraction of 
equal sized like numbers from a given number. 

In presenting this new approach to division to teachers I have 
found that they were at first reluctant to even try it, but as they ex- 
perimented a little with it on a few problems, their enthusiasm grew 
and they report considerable success in using it in the classroom— 
especially with students who were not competent in using the tra- 
ditional methods. I do not feel that this process should replace the 
usual procedures at higher grade levels but it certainly can be used 
to establish effectively the meaning of the division process. 

Finally, I feel that some day a courageous textbook writer is going 
to present percentage to grade-school students for what it actually 
is, ie., an excellent illustration of the principle of proportion. Each of 
the so-called types of percentage problems thus present the same 
pattern for solution. 

Using the concept 
6 is 75% of 8 


we obtain the three problem types by “leaving out” one of the 3 num- 
ber concepts in each of 3 examples as follows: 


Problem Method of Solution 


. What number is 75% of 8. 
. 6 is what % of 8. 


. 6 is 75% of what number. 


We are emphasizing that the relationship between the number 6 
(which represents the part) and the number 8 (which represents the 
whole) can be presented as a ratio or fraction concept. This is to be 
compared with an equivalent ratio or fraction in which the denomina- 
tor is always 100 and in which the numerator represents the per cent 
(part of 100) directly. Surely this method of presentation has merit 
for we have certainly expressed the true meaning of the concept of 
percentage in as direct a manner as possible. 

This then is what is new in the teaching of arithmetic. The exam 


= x 75 
1 
8 100 
8 100 
6 75 
3 x 100 
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ples shown have been merely illustrations of the overall effort of 
teachers and textbook writers to emphasize increasingly the meaning 
of number and number processes. 

Additional emphasis upon teacher training in which meaning is 
stressed; an ever increasing number of professional books and articles 
in the field; well written attractive textbooks with adequate teachers 
manuals to present the author’s point of view; conventions, work- 
shops, and meetings in which teachers exchange ideas on the teaching 
of this material, will do much to insure continued progress toward 
our all important goal of the realization of the role of meaning in 
teaching the fundamental processes. 


RARE GAS MIXTURE GIVES BETTER 
FLUORESCENT LAMP 

A fluorescent lamp that produces two and one-half times as much light as 
standard fluorescent lamps has been developed by Westinghouse scientists. 

The result of several years of development, the new lamp uses a mixture of 
rare gases to long get cathode life and maintain high brightness. The new lamp, 
tabbed “Super-Hi,” is seen widening the use of fluorescent lighting in industrial 
and outdoor applications. 


FIRST AUTOMATIC COMPUTER CONTROLS AIR TRAFFIC 

Automatic control of most airplane flights—commercial, military and private 
—is scheduled for completion within three years. It will make air trips both 
safer and speedier. 

The first automatic computer, scheduled to be standard equipment for all 
Civil Aeronautics Administration control centers, is now in operation in In- 
dianapolis. It regulates air traffic in the fourth busiest center in the country, 
an area 400 miles long and 250 miles wide in the nation’s midsection. 

The computing machine does in 20 seconds calculations that would take a 
man about four minutes. Added to the time saved is the elimination of human 
errors. 

Automation applied to aircraft flights does not mean, however, that control 
tower operators will be out of jobs. On the contrary, they will be able to con- 
centrate their full attention on safety measures. Now they must spend fully 
50°% of their time on the routine daily processing that will be taken over by 
machines. 

Using computers is only the first step in the CAA’s plan to increase the safety 
and speed of aircraft flights. 

The next step is to feed information on all flights passing over more than one 
center directly from one control computer to the next one. This would reduce 
manual operation from the present 100% to five-sixths percent. 

After that comes installation of a device known as “Fliden,” short: for Flight 
Data Entry Device, which allows the direct input into the computer of flight 
data reported by a pilot to an outlying station. 

Scheduled next is the addition of an automatic display and a controller’s 
input device. Equipment to do both of these jobs is now being tested at the 
Technical Development Center. When incorporated into the planned flight 
control system, all but 17° of the present manual steps will be done auto- 
matically. 


STANDING WAVES IN A WIRE 
(NUMBER FOUR IN A SERIES) 


HARALD C. JENSEN 
Lake Forest College, Lake Forest, Illinois 


Many physics departments have secured one of the large perma 
nent Alnico U-magnets designed for use with magnetron oscillators. 
These may still be secured from dealers in surplus supplies! at greatly 
reduced prices. Since the field intensity is so great (2,000-—5,090 gauss) 
these magnets can be used in several very striking demonstrations. 

One such use is that of producing standing waves in a wire under 


oF 


Fic. 1. Drawing of the apparatus used to produce vibrations in a wire 
carrying an alternating current. 


1 Herback & Rademan, Inc. 1204 Arch St., Philadelphia 7, Pa. 
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tension and carrying a small alternating current. The arrangement 
of the apparatus is illustrated in the drawing of figure one and the 
electrical connections are given by the circuit in figure two. 


To 120 volts AC 


} 


Ww 


Fic. 2. Circuit diagram for the apparatus used for producing vibrations 
in a wire carrying an alternating current. 


The source of current is a small filament transformer 7 with a 6.3 
volt secondary*® or, more simply perhaps, a doorbell transformer. 
Electrical connections to the wire W can be made through the sup- 
porting clamps. A key & is furnished for closing the circuit at will. 

One end of the wire is attached to a rod R held by a clamp C3 If 
the end of the rod is threaded, a pair of washers and a wing nut pro- 
vide a very convenient way of fastening the wire to the rod. The wire 
is carried over a pulley P* supported by another clamp.’ A loop in the 
free end of the wire enables it to be put under tension by means of 
hanging weights F. The height of the wire above the table is adjusted 
so that it passes between the poles of the magnet M. 

When the circuit is closed by depressing A, the alternating current 
in the wire finds itself in the field of the magnet. The motor rule for a 
current in a magnetic field then defines a periodic force which will 
produce vibration of the wire providing that the wire is tuned to the 
frequency of the current. A force F of about 1,000 grams is necessary 
for a meter of wire of gauge #28. Iron or brass are satisfactory wire 
materials. 

2 Available ate suppliers of radio or electronic parts. 


3 Such as Cenco #75665. 
* Such as Cenco #75662. 
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While this apparatus may be used satisfactorily for either demon- 
stration or self operated exhibit purposes, it is perhaps better suited 
for the latter since it involves principles from several fields of physics 


including electricity, magnetism, mechanics, and sound. 

The apparatus can also be used quantitatively. If one determines 
the linear density p, the tension F, and the length Z of a vibrating 
segment, the frequency f of vibration or the frequency of alternating 
current can be computed from f=(1/2L)V F/ p. 


SCIENCE TEACHER ACHIEVEMENT RECOGNITION PROGRAM 

The National Science Teachers Association is currently launching its second 
annual Science Teacher Achievement Recognition program. This effort is sup 
ported by a grant from the National Cancer Institute, U.S. Public Health 
Service. 

STAR ’58 is planned to encourage the development of creative ideas, teaching 
materials, and teaching techniques, and to secure the widest possible dis 
semination of such, for the purposes of: 

Raising the general level of instruction in science 

Influencing more young people to enter the fields of science and science 
teaching 

Helping young people to understand that the key to our scientific problems 
is more and better basic research 

Improving high school science laboratory work so that students gain more 
of the satisfactions and insights that come from experiences with the 
methods of scientific inquiry 

Developing understandings that many fundamental scientific problems 
(such as cancer) require the cooperative attack of specialists in fields as 
diverse as physics, botany, mathematics, chemistry, genetics, and bac- 
teriology 

Developing a thorough understanding of the basic principles of biological! 
and physical science and their application to such fields as health through 
presently established courses 

Developing more reflective and critical habits of thought 

Helping young people gain skill in scientific problem solving. 

Junior and senior high school science teachers and supervisors in public, pri 
vate, and parochial schools are eligible to enter. NSTA membership is VOT 
a requirement. 

Entries are NOT required to be related to any phase of the program of the 
National Cancer Institute. Ingenuity and practical value, not the content 
area involved, are the basis for awards. 

STAR ’58 has a specific theme—Laboratory Teaching of Science. (The first 
year’s program was within the field of science teaching, otherwise unre 
stricted.) 

Cash awards in STAR ’58 total $6750 (5 awards of $500, 10 awards of $250, 
25 awards of $50—all cash) as compared to last vear’s total of $2000 (10 
awards of $200). 


The deadline for entries is February 15, 1958. Teachers of science who are 
interested should write immediately to: 
STAR 
National Science Teachers Association 
1201 Sixteenth St., N.W. 
Washington 6, D. C. 
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ALGEBRA WITHOUT 


GERTRUDE V. PRATT 
Central Michigan College, Mount Pleasant, Michigan 


In algebra, the high school student sometimes becomes bored with 
what seems to him mechanical manipulation of symbols, even though 
he has always been taught the meaning behind all that he does. He 
may volubly express his distaste for all of the little “x’s and y’s”’ he 
has to juggle around. Of what use are they? 

There comes a time in the pupil’s experience when he should be 
taught an appreciation of these symbols he so often belittles. And 
how better than by his spending some time working problems without 
using letter symbols for words, just as mathematicians of old were 
obliged to do. 

Take him back to methods recorded in the famous Ahmes Papyrus 
written some 1600 years before the birth of Christ. Strangely enough, 
these methods were still in use in the sixteenth century as is evi- 
denced in Robert Recorde’s “Ground of Artes” published in England 
around 1542, and were embodied in what was known as “The Rule of 
False Position.” 

Let us see how the rule works in a simple problem. And note the 
doubling and the halving process that the Egyptians used where we 
would multiply and divide. Problem 26 in the Ahmes Papyrus says: 


“A quantity and its | added together become 15. What is the quantity?” 


Assume 4 
Now ‘ 


Total 


1 
1 
1 
4 


As many times as 5 must be multiplied to give 15, so many times 4 
must be multiplied to give the required number. 
Multiply 5 so as to get 15 
‘1 
Total 3 


Multiply the assumed number 4 by 3 


The quantity is 12 


4 2 
1 
5 
1 3 3 
2 3 6 
‘4 3 12 
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1 12 2 
1 12 6 
12 3 

5 


Total 


1 


In the Ahmes Papyrus, we find many problems all solved in the same 
manner, merely guessing at a solution, and then finding the proper 
multiplying factor to correct the guess. Such a method of solution 
was necessary because modern symbolism was not yet invented. But 
how much simpler it is to solve: 


xtix=15! 


Students can have fun working problems even more difficult than 
this in the same fashion, perhaps even to the extent of performing 
their multiplications and divisions by the doubling and halving 
processes that the Egyptians used, as illustrated in the above prob- 
lem. But they will conclude that ‘‘x’s” and plus signs and minus signs 
and equal signs help to make solving equations easier. 

The Rule of False Position as it appeared in Robert Recorde’s book 
went something like this: 

Gesse at this worke as happe doth leade 
By chaunce to truthe you may procede 
But first work by the question 
Although no truthe therein be don 


Suche falsehood is so good a grounde 
That truthe by it will soon be founde. 


Then too, we can go back to the days of Al-Khowarizmi, an Arab 
who lived about 800 A.D. and see with what difficulty he solved 
quadratic equations. Here is one of his problems: 


“A square and 10 roots are equal to 39 units.” 


Al-Khowarizmi says, ‘““The question is, what is the square which 
combined with 10 of its roots will give a sum total of 39? The manner 
of solving is to take one-half of the roots just mentioned. Now the 
roots before us in the problem are 10. Therefore take 5, which multi- 
plied by itself gives 25, an amount which you add to 39 giving 64. 
Having taken then the square root of this which is 8, subtract from 
it half of the roots 5, leaving 3. The number three therefore represents 
one root of this square, which itself of course is 9. Nine, therefore 
gives the square.’”* 

Note that Al-Khowarizmi just tells what to do to arrive at the 
answer. But if we examine what he says, we see that his method is 
essentially what we call “‘completing the square,” neglecting the 
negative root. Again, how much simpler it is to use modern sym- 


* Contributions to the History of Science, by Karpinski and Winter, Volume XI. 
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bolism and solve: 
x°+10x= 39! 


After working several equations of this type by the same rule, Al- 
Khowarizmi remarks, ‘“‘We have had enough. Now it is necessary 
that we demonstrate geometrically the truth of the same problems 
which we have explained in numbers.” 

This is the part in which we should be particularly interested, 
because here we have the opportunity to link algebra with geometry. 

The following is the substance of what Al-Khowarizmi says. I 
have attached algebraic symbolism for clarity. Note how he really 
“completes the square’’! 

Let us construct a square of unknown side (Fig. 1) and let this 
figure represent the square (second power of the unknown) which 
together with its root (side) we wish to find. 


x? +10x= 39 


x* x* 


Sk Sk 25 


Fic. 1 Fic. 2 Fic. 3 
x?7+10x= 39 10x+25=64 


Since 10 roots were proposed with the square, we add two rectan- 
gles whose dimensions are 5 and x to the square. Thus the second 
figure represents 2°+ 10x as well as its equal 39 units. 

Now we have a geometrical set-up for the solution of the equation. 
And if we follow the wordy directions for solving, we take } the 
number of roots which is 5, and square it, giving us 25. This is the 
area of a square which we add to 39 (the area in Fig. 2) giving us 
64, the area of the completed square in Fig. 3. 

The side of this square is, of course, 8. If from it we subtract 5, 
one half the number of roots (the side of the square added) we arrive 
at the side of the given square or 3, the root of the equation. 

Students like to work equations by this method. It is important 
for them to become accustomed to thinking of a? not only as “a 
times itself’? but also as “the area of a square whose side is a.”’ 
Similarly they should regard ad as the area of a rectangle whose 
‘dimensions are a and 0.” 
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At the beginning of the Christian era the Greeks also solved equa- 
tions by application of areas. Although cumbersome, their methods 
are interesting, show skill in logical reasoning, and are well worth 
using to inter-relate algebra and geometry. 

Problems such as we work in algebra classes to-day have been 
solved by men thousands of years ago. Studying their methods will 
have a two-fold result. Boys and girls will understand why algebra 
was slow in developing as a science, and they will better understand 
and appreciate this short-hand language we use in the solution of 
equations. 


PROPOSE SYNTHETIC “AIR” FOR SPACE SHIP AROUND MOON 


Synthetic ‘‘air”’ for the first space ship to circle the moon and return was pro- 
posed here by Dr. John Gustavson of the University of California, Berkeley. 
The man-made atmosphere would be half helium and half oxygen kept at a rela- 
tively low pressure. 

Providing an adequate air supply system and livable temperatures for a crew 
of four or five for at least ten days is quite a problem. Today’s pilots are getting 
a sample taste of what it is like to fly in space, but only for an hour or so at a 
time. 

In the space vehicle of the future, the temperature must lie between 70 and 90 
degrees Fahrenheit and the humidity must be stabilized at about 40°;. Crew 
members will have to spend several days before departure adjusting themselves 
gradually to the helium-oxygen atmosphere. 

“Hot spots” on space ships will make temperature control difficult. The sun’s 
radiation will be the main source of heat. Some of this can be dissipated into 
space by treating the ship’s surface facing the sun with a highly reflective ma 
terial, while that away from the sun is given a coating that allows the heat to 
escape. 

Other heat sources within a space ship are the electronic equipment, the crew 
itself, and cooking facilities and lighting. 

The best way to remove this heat, Dr. Gustavson suggests, is through use of a 
heat exchanger. The heat would be absorbed by a chilled fluid, which would then 
be pumped through a radiator on the dark side of the vehicle. This system will 
also permit easy removal of water vapor, which might condense in the heat 
exchanger. 

Eliminating either toxic gases or those that could burn spontaneously, such as 
hydrogen and methane, is another problem. The carbon dioxide breathed out by 
crew members could be absorbed by lithium oxide pellets, Dr. Gustavson pro- 
poses. 

He said the usual proposal of using the tiny green water plants known as 
algae, which produce oxygen, to balance the carbon dioxide is of “doubtful’’ 
value. This system is only 25% efficient, providing the proper growth conditions 
is difficult and the algae are extremely temperature-sensitive. Most important, 
Dr. Gustavson said, some algae produce deadly carbon monoxide along with the 
oxygen. 


NEW KIND OF STEEL LETS MAGNETISM TURN CORNERS 
A new kind of steel that allows magnetism to go around corners has been 
announced. 
The silicon and iron magnetic material is expected to simplify construction 
and improve performance of electrical equipment. 


A SIMPLIFIED APPROACH TO THE PROBLEM 
OF SCIENTIFIC METHODOLOGY* 


W. C. VAN DEVENTER 
Western Michigan University, Kalamazoo, Michigan 
I. THE BACKGROUND OF THE PROBLEM 

Within the last fifteen years there has been an increased interest 
in the history of science. This has been a direct result of experimenta- 
tion in the development of courses in which more or less successful 
attempts have been made to adapt the classical or “great books” 
approach in general education to the teaching of science to non- 
specialists. The earliest of these courses, at St. John’s College and the 
University of Chicago, involved the reading of classics in original or 
edited form and some re-doing of classical experiments. Later varia- 
tions at Harvard and Colgate Universities have involved case studies 
of scientific discoveries or problems, either classical or recent. 

This increased interest in and emphasis on the history of science 
has coincided with a growing realization of the ineffectiveness of 
much modern laboratory teaching,' especially in the face of the vast 
increase in the body of scientific knowledge, and the impossibility 
of teaching it all even to a major student, to say nothing of one taking 
only an elementary course. The net result of these two converging 
trends has been to lead many teachers to a conviction that the really 
important factor in teaching science students, particularly in begin- 
ning courses, is to bring them to an understanding (and perhaps an 
“appreciation”’) of the point of view of a scientist and the kinds of 
things that he does, how he goes about gaining new knowledge and 
fitting old and new knowledge into meaningful patterns. This, of 
course, can be done in connection with subject matter selected from 
any of the traditional scientific disciplines, or in a crosscutting fashion 
from more than one of them. In doing this, however, it is necessary 
to proceed on the basis of two assumptions: (1) that it is impossible 
to teach to any group of students, particularly non-specialized stu- 
dents, all of even any one scientific discipline, and (2) that there is 
some common ground of attitude and methodology on which scien- 
tists of all disciplines can meet and speak a common tongue. 

The validity of the first of these assumptions seems obvious. Mod- 
ern textbooks in elementary science in every field have increased in 
size tremendously in the past twenty-five years, in attempting to 
keep pace with new developments and at the same time to retain 

* Presented at the Twenty-Ninth Annual Meeting of the National Association for Research in Science 
Teaching, Chicago, Illinois, April 21, 1956. 


! Van Deventer, W. C., “Laboratory Teaching in College Basic Science Courses,’’ Science Education, April 
1953, Vol. 37, No. 3. 
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the ‘fundamentals.’ Courses for lower division students have be- 
come more crowded with materials, so that even in those which are 
not frankly called “‘survey,”’ the pace is difficult to maintain and the 
coverage is barely adequate. At the same time the number and vari- 
ety of advanced and specialized courses has increased. Of course an 
answer to this problem for elementary courses, especially in those 
designed for non-specializing students, has been the ‘‘block-and-gap”’ 
technique, in which the ideal of coverage has been frankly abandoned 
in favor of depth of penetration in a few carefully chosen areas.” 

The validity of the second assumption is more debatable, or at 
least it has been more extensively debated. In spite of the fact that 
the history of science “hangs together’? and may be treated as a 
unified whole, and that ideas have migrated freely among fields, 
and have influenced widely areas other than the ones in which they 
originated, it has always been difficult to bring scientists of different 
disciplines, or even of the same discipline, to any agreed statement 
of either the attitude or the methodology of science. During the 
current renaissance of interest in the history of science there have 
been many who have abandoned the term ‘“‘scientific method,’ and 
have used instead the plural, “‘scientific methods.’’ Some have gone 
even beyond this and have talked about the importance of ‘‘hunches”’ 
and “fortunate guesses” in relation to the development of solutions 
to problems and scientific ideas. 

Nevertheless it is readily apparent that some common ground does 
exist. We have only to isolate it from the mass of things that scien- 
tists have done. One facet of this commonality is in the form of at- 
titudinal elements.’ Some of these, such as objectivity, tentativeness 
and parsimony, are expressions of the way in which a scientist be- 
haves toward his world. Others, such as causality, uniformity and 
consistency have to do with the way in which a scientist expects his 
world to behave. Still others, such as relativeness, intergradation, 
practicality and materiality describe the kind of world which the 
scientist thinks that he has found. 

The other facet of this commonality lies in the area of methodology. 
There is little question but that the modern critics of the existence of 
a well-defined “scientific method” are in some measure correct. The 
“steps” of the scientific method which most of the present generation 
of science teachers learned from the first chapters of textbooks and 
laboratory manuals written by their predecessors, who in turn learned 
them from books written similarly by their predecessors, are much 


2 Rogers, Eric M., in Science in General Education, E. J. McGrath, editor, William C. Brown and Company, 
Dubuque, Iowa, 1948. 

* Dressel, Paul L., and Mayhew, Lewis B., General Education: Explorations in Evaluation, ‘The Scientific 
Point of View,” p. 112, American Council on Education, Washington, D. C., 1954; and Van Deventer, W. C., 
“The Teaching of Basic Premises as an Approach to Science in General Education,” Science Education, Dec. 
1955, Vol. 39, No. 5. 
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too formalized ever to have been used with any degree of unanimity 
in actual practice. New knowledge undoubtedly could be discovered 
and tested in this way, but probably not much of it actually has been. 

On the other hand it is the opinion of the writer, based on his own 
experience in teaching and research, both in the area of pure science 
and of science education, and on observation of students’ minds at 
work in traditional-type laboratories, exploratory-type laboratories 
and in free discussions about scientific ideas, that those who go to 
the other extreme and magnify the part played in scientific discovery 
and thinking by “hunches,” “fortunate guesses,” “lucky accidents” 
and other intuitive, semi-intuitive or haphazard procedures are going 
much too far. It is unquestionably true that these do constitute fac- 
tors in scientific discovery and problem-solving, just as they do in 
every-day, run-of-the-mill problem-solving, but in both cases they 
are of minor importance. People do not solve their ordinary daily-life 
problems to any extent or with any degree of success by hunches, 
guesses and lucky accidents, and neither do scientists solve theirs in 
this way. To reduce ordinary problem-solving to this level would 
result in chaos, and to similarly reduce scientific problem-solving 
would destroy science. 

There is unquestionably a common denominator of scientific pro- 
cedure, a realistic middle ground between the formalized extreme, 
which is idealistic and unreal, and the opposite extreme, which denies 
the existence of any underlying logic, applicable to all, or to nearly 
all scientific situations. It is this middle ground which is important 
if we are to not only understand science, but to relate it to the life 
of the general student. 


Il. Wuat Is ScrentTiric METHODOLOGY? 


Scientific methodology is nothing more than a systematized aspect 
of ordinary, logical problem-solving, which is used by every normal 
person in meeting the situations with which he is confronted every 
day that he lives. The consistent practicing of this problem-solving 
technique is directly related to his successful adjustment as a person, 
as well as to other types of success which he may attain. 

The operation of this method of problem-solving may be described 
as follows: An individual is confronted with a new situation, or with 
a modification of an existing situation, such that a problem or chal- 
lenge is presented. The nature of the situation demands that the 
problem be either splved or avoided. Possibly if it can be avoided 
there is no problem! or at least the solving of it can be indefinitely 
deferred. Probably most of us avoid such problem situations when we 
can. However, if the problem must be met, it must. The individual, 
if he is proceeding in a practical way, surveys the situation as well 
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as he can. He draws on his own past experience and the experience 
of others for whatever may bear upon the problem. Then he sets up 
one or more tentative solutions to the problem and tries these out, 
one at a time. If the first attempt succeeds, he goes on his way, the 
problem solved. If it does not succeed he adds the results of the un- 
successful attempt to his experience. On this basis he builds a new 
or modified solution, or tries another of his first possibilities. He re- 
peats this procedure again and again, until he either finds a workable 
solution or comes to the conclusion that a workable solution cannot 
be worked out, in which case he “tables” the problem as unsolved 
and perhaps unsolvable, and lives around it as best he can. 

Once a solution is reached it is used again and again, whenever the 
same or a similar problem arises. Affinities between related types of 
problems are recognized, and established solutions are used and 
modified as necessary. Such established solutions become conditioned 
responses, and are the stuff of habit-formation. There was a time in 
the life of each of us when eating with knife and fork, dressing, talking 
and walking were problems that had to be solved. Other problems 
involved matters of social attitude and political and religious beliefs. 
Now we have solved these problems, at least to our own satisfaction, 
and we have to use the original problem-solving technique in these 
areas only when we are faced with new or modified situations which 
present new problems in that the old and accustomed solutions do 
not work. Such situations might involve eating with chopsticks, 
dressing in clothing of the opposite sex, speaking a foreign language, 
living in an area where social attitudes are different, or being chal- 
lenged by a new situation in the area of politics or religion. In these 
cases we must work out new solutions, and we use the original tech- 
nique in doing so. However, we depart from our habitual solutions 
only as we are forced to do so, and even then we try to get by with 
simply modifying them. Only when we have to do we strike out on a 
completely new path. 

The scientist’s procedure differs from this ordinary, logical prob- 
lem-solving only in matters of motivation, of the nature of the prob- 
lems dealt with, and in the greater care which he exercises at every 
point. Where problems in ordinary living are most frequently (but 
certainly not always) motivated by some type of necessity, a scien- 
tist’s problems may be motivated by curiosity, including a kind of 
“thirst for knowledge” or “desire to understand,” or by a desire to 
excel or dominate in a particular field of knowledge. These and re- 
lated motives may enter into ordinary problem-solving also, and there 
are others, certainly, which enter into scientific problem-solving. We 
cannot, for example, neglect the scientific problems which are moti- 
vated primarily by the necessity for completing doctors’ theses! 
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The scientist’s problems deal with material forces and things, their 
nature, their behavior, their relationship to one another, and the 
manipulation of them to bring about man’s desired ends. These ma- 
terial forces and things are generally measurable or can be reduced to 
measurable terms, that is, they can be weighed, measured, counted or 
otherwise quantitatively dealt with. Furthermore, the events with 
which scientists deal are generally repeatable, at least in theory. That 
is, given the same conditions, the same events could and would be 
reproduced. Their actual repeatability is probably directly related to 
the number of variables that are involved; the greater the number of 
variables the less readily they can be reproduced. Those events which 
can be readily repeated can be subjected to experimentation, which is 
a kind of observation under controlled conditions. Those events 
which cannot be readily repeated cannot be subjected to experimenta- 
tion, and must therefore be observéd as carefully as possible under 
natural, uncontrolled conditions. 

By way of contrast the ordinary problems of every-day living may 
deal with non-material situations as well as with material ones: our 
own emotions or those of others, misunderstandings between in- 
dividuals, questions involving ideas of right and wrong, of qualities 
such as good or bad, beautiful or ugly, desirable or undesirable. It is 
granted that all.of these things possess material aspects and may 
ultimately have a material basis, but the problems concerning them 
do not usually arise at the material or ultimate level. Furthermore, 
the every-day problems that do involve material things do not usually 
necessitate the scientists’ detailed, exacting approach. If I am con- 
cerned with the problem of whether or not to lay in a supply of 
stretchable nylon socks for my own use, I am interested in such data 
as their cost, their general wearing qualities, their washability and 
their appearance. I am not particularly concerned with the chemical 
constitution of the fibers, their ability to take and hold dyes, their 
tensile strength, and their behavior in relation to acids and bases, 
as a scientist might be. 

Although the general procedure of the scientist in dealing with his 
problems is recognizable as being basically the same as that of the 
lay person in ordinary problem-solving, it is sharpened and logicalized 
and somewhat more formalized. Perhaps we might say that it is 
“tightened up.”’ It is certainly more exacting. The scientist tends to 
seek out problems where the lay person generally does not. Once 
having isolated a problem the scientist attempts to clarify it and re- 
duce it to its simplest terms. In the matter of collecting information 
concerning his problem, the scientist can draw upon all that is avail- 
able in the whole past history of science, thanks to the generations- 
long custom of publication and exchange of information, going back 
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to the middle 1600’s. Thus he does not have to depend upon his mem- 
ory or that of his friends or other informal contacts. 

In the matter of setting up a tentative solution, again the scientist 
is able to proceed with greater formality and exactness than the lay- 
man usually does. He recognizes his tentative solution for what it is. 
He derives it from and relates it to the data at hand—all that he has 
been able to collect from his own experiences or those of others. If it 
serves to explain or deal adequately with these data, he applies it to 
new data or a new situation of the same or an understandably similar 
type with equal care. The new situation or source of data may be in 
the form of a controlled experiment, if experimentation is possible. 
If such is not possible, then further observation under natural con- 
ditions is resorted to. If the tentative solution applies in the new 
situation, or to the new data, then its use is continued, and with each 
new situation or set of data to which it is successfully applied it be- 
comes less tentative. 

The scientist, however, is never (or should never be) dogmatically 
sure. Even though his solution eventually becomes so well-estab- 
lished that it has the status of a natural law, it is still essentially 
tentative. The scientist, about to examine a phenomenon describable 
in terms of a natural law says in effect: ‘The ten thousand (or mil- 
lion) cases of this phenomenon that have been examined have be- 
haved in such-and-such a fashion. Therefore, on the basis of the 
principle of consistency and the law of probability, I assume that the 
case which I am about to examine will behave in the same or an un- 
derstandably related fashion.’’ Absolute certainty would be obtained 
theoretically only after an infinite number of cases were examined. 

If the scientist’s tentative solution fails at any point (after the 
first application to new data or only at the ten thousand and first 
application), to deal adequately with a new situation, then he must 
return to his starting point, add his new data to the old, and work out 
and apply a new or modified solution. Of course in actual practice, if 
a single datum or situation behaved in a fashion contrary to a well- 
established natural law, the law would not be immediately overturned 
or discarded, or even modified. Such contrary data would, in effect, 
be ‘“‘tabled,”’ while a thorough search was made for more of the same. 
At the same time a careful study would be made to determine if there 
were a possibility of error or faulty observation. Only after a number 
of such contrary cases were collected and authenticated, would the 
law be overthrown or modified, and a new one substituted for it. 
It should be noted in this connection that natural laws describe what 
phenomena do, rather than prescribing what they must do, after 
the manner of civil laws. The word “law” in the two cases has quite 
different meanings. If a natural law fails to adequately describe the 
phenomena with which it deals, the law is changed. 
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III. THe or Proor 


The basic problem-solving procedure of science may be summarized 
in the accompanying diagram (see Fig. 1). In this, the essentially 
inductive procedure of arriving at a tentative solution on the basis 
of the data at hand is differentiated from the essentially deductive 
procedure of applying the solution to new data or to a new situation. 


Tentative 
Solution 


(Inductive (Deductive 
Procedure) Procedure) 


Datal & Data IT 


If tentative solution does not work, return to Data i, add Data II 
and proceed with a new or modified tentative solution. 


Fic. 1. The Cycle of Proof. 


Each procedure is impossible without the other. Science is not an 
entirely inductive process. It differs from purely philosophic thinking 
in that it recognizes the natural relationship of the inductive and de- 
ductive and balances the two. Philosophic thinking tends to utilize 
ideas and sweeping generalizations deductively without recognizing 
that they must of necessity have been arrived at inductively in the 
first place, even though the inductive movement may have been 
gone through only informally, in a broad general way, or even sub- 
consciously. It appears, therefore, that scientific thinking and prob- 
lem-solving are more closely related to the problem-solving of daily 
living, than they are to the essentially one-sided thinking and prob- 
lem-solving of the philosopher. 


IV. Tue TERMINOLOGY OF SCIENTIFIC METHODOLOGY 


One of the difficulties which arise among those who think and 
write upon the subject of scientific methodology is that of termi- 
nology. This has arisen because the originators and users of certain 
terms in the past history of science have not always meant the same 
things by them. To take a single example, the word ‘‘theory”’ ap- 
pears to possess three partially overlapping meanings which are 
none-the-less separable and distinct. 

In one case it describes a level of relative certainty in relation to the 
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cycle of proof. A tentative solution of a problem which is based on a 
limited amount of data is an hypothesis. When it has been subjected 
to partial but still incomplete verification it may be called a theory. 
When it reaches such a high level of relative certainty that it can be 
used for predictive purposes without any practical fear of its breaking 
down it is called a natural law. 

Yet there are many so-called ‘theories’ which are well-established 
at the “natural law” level of relative certainty. These include such 
accepted generalizations as the Atomic-Molecular Theory of Matter, 
the Theory of Evolution, the Cell Theory and the Theory of Rela- 
tivity. These generalizations represent the second of the meanings 
of the word. In this case it refers to what modern writers on scientific 
methodology have come to call “conceptual schemes.” These are 
large and far-reaching generalizations which in some cases can never 
be completely tested, but which are supported by all of the evidence 
that is available, and into which it is possible to fit new evidence as 
it appears. It will be readily seen that this meaning of the word over- 
laps the first one considerably. The mathematician’s use of the word 
“theory” probably should be included under this second meaning. 

The third use of the word ‘‘theory”’ overlaps the other two, but is 
more nearly distinct and is used less, at least in scientific circles. It 
has greater use among lay persons.. To illustrate it, let us imagine a 
strange new machine, unfamiliar to most persons in a group of ob- 
servers, but known to one member of the group. As they looked at 
it he might say, ‘‘That is a —-—. It runs on nuclear power derived 
from hydrogen, and the theory of its operation is —-—..”’ This is a 
perfectly legitimate use of the word, describing the basic methodology 
of operation, how the power is derived, how it is converted into usable 
energy, and how this energy is transmitted to the operating parts. 
Some of this might be unproved or unprovable, but most of it would 
not be. 

It is interesting to note that there are two uses which the scientist 
makes of the word ‘theoretical,’ which are related to two of these 
meanings of ‘“‘theory.’”’ He may say, ‘“‘“Much of this explanation is 
theoretical,” in which case he means that much of it is unproved. 
Or he may say, ‘“‘The theoretical basis of this is —--—-,” in which case 
he is referring to the underlying explanation or rationale. 


V. THE UTILIZATION AND RELATIONSHIPS OF CONCEPTUAL 
SCHEMES AND OTHER GENERALIZATIONS 

Any type of partially or relatively proved generalization may be 

utilized as a part of Data I in the Cycle of Proof in connection with 

attacking a new problem. This is true of simple generalizations and 

problem-solutions as well as of the broad inclusive ones which are 
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called conceptual schemes. Any apparent solution to a problem or 
situation may be used as part of the starting point of a new problem- 
solving operation. This use, however, is more prominent in the case 
of the large, inclusive conceptual schemes. 

Thus if we are approaching a problem in chemistry we accept the 
Atomic-Molecular Theory as a part of our starting point. It is within 
the basic framework of this scheme that we operate. Similarly if we 
are attacking a problem in regard to interpreting rock strata in 
geology, or in regard to the distribution of related species in biology 
we utilize the Theory of Evolution. Likewise if we are dealing with a 
problem concerning the behavior of the light from distant galaxies in 
astrophysics we utilize the Theory of Relativity. 

The same, however, is also true with lesser generalizations. If we 
have developed a classification system for a group of parasitic worms, 
and if it has proved workable so far with all of the species that we 
have examined, we utilize this system as a part of our starting point 
in attacking the problem of the classification of a new species that we 
are now examining. If all of the green flagellate protozoa that we, 
or others, have examined are able to carry on photosynthesis, we 
use this generalization as a part of our data in dealing with a green 
flagellate that has not heretofore been studied. And if, in the field of 
science education, we have been able to use successfully a group 
approach in dealing with dissection experiences and field experiences, 
we accept the generalization that group laboratory experiences are, 
in large measure, successful as a part of our starting data in approach- 
ing the problem of developing more meaningful microscope experi- 
ences for our classes. 

Conceptual schemes, however large and inclusive they may be, are 
not a separate category of scientific beliefs. They integrate imper- 
ceptibly in their scope and in their use with lesser generalizations 
and problem-solutions. They, along with the lesser types, must 
necessarily pass through the various levels of relative certainty in 
relation to the Cycle of Proof, being progressively recognized as 
possibly true, probably true, and apparently true (true, so far), 
whether we call these levels hypothesis, theories, and natural laws or 
leave them unnamed. They must accumulate enough examples of 
verification (or workability) to raise their probability value suff- 
ciently high so that we can use them for predictive purposes without 
serious fear of their breaking down. 

It is often held that “hunches” and “fortunate guesses” have 
played a large part in the development of conceptual schemes and 
other generalizations of large scope. It is doubtful, however, if words 
such as “hunch” or ‘“‘guess”’ should be used in this connection at all. 
Such words carry the connotation of little or no previous investigation 
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of a problem-situation, or preparation for judgment as to the prob- 
able validity of a solution which appears. In scientific problem-situa- 
tions quite the opposite is true. The investigator who has such a 
‘*hunch” or makes such a “‘guess,’”’ or to whom such an idea “‘comes”’ 
is generally the one who has accumulated and investigated every 
possible facet of evidence, and has probably examined, tried out and 
discarded dozens of other possible or tentative solutions. 

This, of course, does not wholly eliminate the ‘fortunate choice”’ 
or the “lucky accident,” in which the investigator, without apparent 
reason, chooses the most effective material for his experiment, or 
“hits upon” something without apparent reason. Kekule, when half- 
asleep before the fire, saw imaginary carbon chains dancing before 
his eyes and forming benzene rings. Alfred Russell Wallace, when re- 
cuperating in a military hospital in Malaya, ‘‘thought up” the idea 
of natural selection upon which Darwin had been working for some 
twenty years. All of us, at one time or another, have seen our own 
original ideas in print, arrived at independently by someone else. 
It should be remembered always, however, that minds with similar 
backgrounds, when given similar stimuli, may operate similarly, and 
that the subconscious portion of the mind may arrive at the solution 
to a problem without the persons’ being aware of the processes that 
it follows. It would appear that although luck and good fortune may 
be factors in the developing front of science, they should not be over- 
emphasized. 


VI. Summary 

The increased interest in and emphasis on the history of science in 
connection with the development of science courses for the general 
student has led to a re-examination of traditional ideas concerning 
the methodology of science. This has led some writers to discard the 
idea of the existence of any single, definable scientific method. An 
examination of what research scientists, science teachers, and science 
students actually do, however, indicates that there is a kind of com- 
mon denominator, even though it lacks the definiteness and formality 
of the ‘“‘steps” of the traditional scientific method. 

The procedure of a scientist in solving a problem does not differ 
fundamentally from that of any person approaching and seeking a 
solution to a problem of every-day living. In both cases data are 
accumulated, tentative solutions are set up and tried out, and work- 
ability is the only ultimate criterion of success. The procedure of the 
scientist differs only in matters of motivation, a limitation of the 
kinds of problems attacked and a greater conservatism at each point 
in the process. The procedure of both scientific and lay problem- 
solving can be reduced to a simple Cycle of Proof involving both in- 
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ductive and deductive aspects. 

Some of the difficulties of writers on the subject of scientific 
methodology can be recognized as primarily of a semantic nature 
involving various and poorly defined meanings of such words as 
“theory” and “law.” Other difficulties have resulted from failure to 
recognize the intergrading relationship of the large and inclusive 
generalizations which have been called conceptual schemes, with con- 
clusions, problem-solutions and generalizations of lesser scope, and 
the necessity that all of these, great and small, must pass through 
progressive levels of relative certainty in the Cycle of Proof before 
they can attain a sufficiently high probability value to be safely used 
for predicting relationships among new data or in new situations. 


ACS-NSTA HIGH SCHOOL CHEMISTRY EXAMINATION 


The Examinations Committee of the American Chemical Society has released 
its first cooperative test in the field of high school chemistry. 

This test was constructed by a subcommittee consisting of 41 high school 
teachers appointed jointly by the Examinations Committee of the ACS and the 
National Science Teachers Association. 

This test is in two parts consisting of 45 items in each. Either part covers the 
entire course and is equally valid. If both parts are taken, a more thorough 
sampling is obtained, thus increasing the reliability. 

The teacher has the choice of using either part or both parts. The entire test 
may be given in two 45-minute periods, or in a single 90-minute period. Separate 
norms have been established for either part and for the total. 

The test is confidential and is constructed for the use of high school teachers 
for the testing of their students. To safeguard its security the test is available 
only to bona fide high school teachers, either as a specimen copy or in quantity. 
Accordingly every request for the test will be checked for authenticity. 

The best way to obtain the test is to order it through the official channels of 
the school system, using a purchase order form bearing an order number. A less 
satisfactory method is to use official letterheads, countersigned by the principal, 
and to include evidence of the authority of the person ordering the test and/or 
the principal, such membership in the NSTA, ACS, or other organization. This, 
however, may require further checking and additional delay. 

All inquiries and orders should be addressed to: 


Examinations Committee—ACS, 
St. Louis University, 

1402 South Grand Blvd. 

St. Louis 4, Missouri 


SUGAR PRESERVES DAIRY CREAM 


Cream that stays dairy-fresh stored at room temperature for as long as six 
months is one of the latest results of the U. S. Department of Agriculture’s dairy 
research program. 

The new product can be whipped, or used in any number of ways requiring 
sweetened cream. Pale yellow in color, it has a consistency and flavor much like 
that of sweetened condensed milk, only less sweet. 

It is the addition of sugar that preserves the cream since bacteria cannot grow 
in a concentrated sugar solution. The final product contains 10% more butterfat 
than regular whipping cream and 22% more than coffee cream. 


THE COLLEGE MATHEMATICS TEACHER 


Marc A. LAFRAMBOISE 
Department of Mathematics, University of Detroit, Detroit, Michigan 


The American college is sometimes an enigma to educators from 
other lands. Not so many years ago it was at the top of the educa- 
tional ladder, but with the addition of graduate and professional 
schools and the influx of students it has slowly descended. The 
bachelor’s degree, once a mark of educational accomplishment, is 
perhaps to-day a symbol of social acceptability. 

This change in the character of the college has brought about a 
change in the type of preparation needed by the college teacher. 
Since many candidates for graduate degrees become college teachers, 
sometimes more through circumstances than by intent, a change in 
the requirements for these degrees or some change in the basic de- 
mands for a teaching position might appear to be in order. 

The college teacher will receive his academic training at the 
graduate schools of the universities. Here in some instances we en- 
counter a meagerness of academic requirements. The present master’s 
degree quite often is taken to signify that the recipient is highly 
qualified for an elementary or high school post and satisfactorily 
qualified for junior college instruction. 

As the name of the degree implies, the candidate is supposed to 
have mastered the subject. Can this be done in a single year of study 
beyond the usual requirements for majoring which in some instances 
(mathematics) end with calculus and some one or two courses be- 
yond? 

This writer would venture the opinion that the master’s degree 
should imply almost all the academic preparation at present required 
of the doctoral candidate minus the thesis. 

Graduate training for obtaining the Ph.D. takes a long time and 
promising young men have not been encouraged to enter the teaching 
profession. When the enrollment wave really hits it has been esti- 
mated that only about one third and certainly less than one half 
of the college staff members can be expected to have the doctor’s 
degree. 

This may be a good thing. If the flood of students has the effect 
of putting the emphasis more on actual teaching performance than 
on professional training, much benefit could be derived thereby. 

The function of the teacher is not to enlarge the sum total of the 
world’s knowledge but to communicate it. To-day perhaps it could 
be teaching along with the related activities of textbook and book 
writing rather than research which deserve recognition and attention. 

The good and successful teacher is likely to continue his own 
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general education in all directions as he teaches and to become a 
wiser teacher in the process. This leads to a quality of mind which 
is somewhat difficult to attain and to maintain in higher education 
due to the emphasis on the assembly-line type of learning in the 
production of Ph.D.’s. 

Teachers unfortunately are at times considered to be quite expend- 
able. They can be recruited at a moment’s notice and their teaching 
burden increased within limits. As long as the individual teacher ful- 
fills some requirement such as the Ph.D. degree or a list of publica- 
tions, it is assumed that that individual’s classroom performance will 
be correspondingly adequate. 

Although a top-notch teacher is almost invariably a scholar, a 
learned scholar is not necessarily a good teacher. This quality of being 
able to inspire, to communicate and to transmit is worth looking for 
in young teachers and is worth encouraging with financial rewards 
and promotions when found. 

As the reader may be wont to suspect, this writer would like to sug- 
gest that a complete and thorough master’s degree could well be a 
satisfactory requirement for excellent teacher performance at the col- 
lege level. This, however, is contingent upon the implication that the 
master’s degree requirements be raised to that mastery which is im- 
plied in the name. The Ph.D. could later be conferred upon those 
candidates who further specialize and who subsequently make a dis- 
tinctive and significant contribution to knowledge with a thesis. 

This writer a couple of years ago (ScHOOoL SCIENCE AND MATHE- 
matics, May, 1955, Volume LV, Number 5, Whole 484) set forth a 
list of studies which the prospective high school teacher might 
profitably undergo in his preparation for a teaching post. An ap- 
pended editorial note reminded the readers that a very small per- 
centage of the high school teachers were at present that well prepared. 

In the master’s program which follows, it would be assumed that 
the candidate has completed in his major at least one semester of ad- 
vanced calculus and has had a semester’s work in each of solid an- 
alytics, differential equations, mechanics (2-dim. statics and dy- 
namics), anda first course in probability and statistics. Any of these 
which are lacking should be accounted for prior to and in addition to 
the requirements for the master’s degree. 

Mathematics seems to lend itself to these main divisions: Algebra 
and Geometry, Topology, Analysis and Function Theory, and Ap- 
plied Mathematics (including Actuarial Mathematics). It should not 
be remiss to expect in a candidate’s mastery of mathematics that he 
demonstrate some proficiency in each of these branches. 

The master’s degree program as outlined below would spread over 
approximately two years and would consist of certain fundamental 
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courses to make up half the work, plus elective courses to make up 
the other half. The required courses would include two years of func- 
tion theory and one year of each of modern algebra and advanced 
analysis. 

Each title or course implies roughly fifty class hours or three class 
meetings weekly for a sixteen or seventeen week semester. The 
courses are more or less standardized in graduate schools and the 
course name quite often implies the main content. 


First MASTER’s YEAR 
Semester I Semester II 
Real Variable Function Theory Complex Variable Function Theory 
Modern Algebra I (including Group Modern Algebra II (including Galois 
Th.) Theory) 
Plus 2 electives Plus 2 electives 
A sample election A sample election 
Projective Geom. (Syn. and An.) Differential Geom. and Tensor Analysis 
Mechanics (3-dim. St. & Dyn.) Partial Differential Eq. of Math. 
Physics 
SECOND MASTER’S YEAR 
Semester I Semester IT 
Advanced Complex Var. Function Th. Theory of Integration 
General Topology Calculus of Variations 
Plus 2 electives Plus 2 electives 
A sample election A sample election 
Probability and Statistics I] Calculus of Finite Diff. and Life 
Math. Th. of Electricity and Magnet- Contingencies 
ism Math Theory of Relativity and Tensor 
Calculus 


In the elections the student could be encouraged to take at least 
two geometry courses and at least two applied mathematics courses. 

These would not of course exhaust the electives which would de- 
pend upon current staff and student demand. 


ALGEBRA GEOMETRY ANALYSIS APPLIED MATHEMATICS 
Theory of Representations (including Actuarial) 
Algebraic Structures Hydrodynamics 
Conformal Representation Elasticity 
Fourier Transforms Dynamics and Quantum Theory 
Hilbert Spaces Mortality Tables 
Linear Spaces Stochastic Processes 
Combinatorial Topology Game Theory 
Foundations of Geometry Multi-variate Statistics 
Non-Euclidean Geometry Least Squares 
Higher Geometry Design of Experiments 

Celestial Mechanics 


INVENT METHOD FOR MAKING PAPER FROM 
FILAMENTS OF FUNGI 
An entirely new source for the manufacture of paper and paper products, the 
filaments of fungi, has been proved feasible by four scientists at the Institute of 
Paper Chemistry, Appleton, Wis. 


AMERICA’S FIRST CHEMISTRY SYLLABUS-AND- 
COURSE FOR GIRLS 


WynpuaM D. MILEs 
U.S. Army Chemical Corps Historical Office, 
Army Chemical Center, Maryland 
AND 


HAROLD J. ABRAHAMS 
Central High School, Philadelphia, Pa. 


It was October 1787, in the city of Philadelphia. Dr. Benjamin 
Rush,' Professor of Chemistry at the University of Pennsylvania, 
and one of the most eminent physicians on the continent, stood be- 
fore the students of the Young Ladies’ Academy and delivered the 
first lecture of a remarkable course in chemistry— the first such course 
for girls, and the first application of this subject to home economics 
in the United States. 

Those who knew Rush were not surprised at the unusual course 
which he had conceived. Although trained as a physician, his mind 
was open to politics, science, education, temperance, abolition and a 
dozen humanitarian movements. A student of Joseph Black’s at the 
University of Edinburgh, where he received the degree of doctor of 
medicine in 1768, he had become Professor of Chemistry in the Med- 
ical School of the University of Pennsylvania at the age of twenty- 
three. He had published the first American text on chemistry, had 
written papers on the analysis of mineral water and of quack cancer 
medicine, had assisted in the manufacture of gunpowder for the 
Continental Army and had delivered public lectures. In 1776, he 
joined the hallowed company of those, who like Hancock, Franklin, 
Jefferson, Adams and other patriots, had affixed their signatures to 
the Declaration of Independence. Before his life had run its course 
he was destined, among other distinctions, to be a physician-general 
of the Middle Department of the Continental Army and, in the minds 
of some, the Father of American Chemistry. 

Rush had first made public his views on the education of girls at 
the commencement exercises of the newly-founded Young Ladies’ 
Academy of Philadelphia on July 28, 1787. On that occasion he had 
suggested a curriculum which included writing, arithmetic, book- 
keeping, geography, history, singing, dancing, the reading of general 

! Benjamin Rush, first professor of Chemistry in the Medical School of the College of Philadelphia (now the 
University of Pennsylvania) was probably the first person to hold a chair in Chemistry in an American college. 
He was a member of the Continental Congress, a signer of the Declaration of Independence and Treasurer of 
the United State Mint, to name but a few of his services to our country. Edgar F. Smith, holder of the Chandler 


Medal for his contributions to the history of chemistry, spoke of Dr. Rush as the founder of chemical education 
in America. 
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literature, moral essays, poetry and travels, and “in some instances, 
a general acquaintance with the first principles of chemistry, and 
natural philosophy, particularly with such parts of them as are ap- 
plicable to domestic and culinary purposes.’’ His aim in selecting 
these subjects was to prepare girls to manage their future households 
effectively under the conditions prevailing in the pioneer country. 
The two criteria which Rush had used in choosing his subjects were 
patriotism and usefulness. He selected only those which were ‘‘ac- 
commodated to the present state of society, manners and government 
of the United States,’ and which were, or would be, useful to the 
girls. Exercises in singing, for example, were not intended for pleasure 
alone but to acquaint the girls with lullabies and hymns. Dancing 
was not solely for entertainment but for health and physical educa- 
tion. Chemistry and natural philosophy were admitted because they 
were the basis of cooking, preserving, and the management of the 
home, or, as he put it, ‘‘are applicable to domestic and culinary pur- 
poses.’” 

After the commencement exercises, Rush, never reticent in ad- 
vancing his ideas, delivered his address to the office of the Universal 
Asylum and Columbian Magazine, a Philadelphia publication. His 
paper, bearing the title, “Thoughts upon Female Education Accom- 
modated to the Present State of Society, Manners and Government, in 
the United States of America,”’ appeared in the April, 1790 (pp. 208 
213) and May, 1790 (pp. 288-292) issues, and through this medium 
received circulation through the states. 

Rush’s advocacy of chemical education for girls, unusual as it was, 
would not merit more than passing notice had he not carried out his 
ideas a few months later by delivering a course of lectures upon this 
subject at the Academy. He drew up a syllabus for his course, had it 
printed, and then wrote a series of lectures to fit this syllabus. The 
latter is the first text on home economics chemistry in the United 
States, and perhaps in the world. It is a small pamphlet of eight 
pages, measuring 11 by 18 centimeters. Only one edition is known but 
Rush’s own copy, in collection of Rush manuscripts, in the Library 
Company of Philadelphia, contains revisions and additions in Rush’s 
handwriting, which indicates that he had another edition in mind, 
which he might have published, had he continued to give the course. 
The full title of the syllabus is “‘Syllabus of Lectures Containing the 
Application of the Principles of Natural Philosophy, and Chemistry, 
to Domestic and Culinary Purposes” (Fig. 1). Why Rush, an ex- 


2 In his “Essays, Literary, Moral and Philosophical,” page 79, he phrases it “particularly with such parts of 
them as are calculated to prevent superstition, by explaining the causes, or obviating the effects of natural 
evil,’and such as are capable of being applied to domestic and culinary purposes.”’ 

We knowsof three copies of this little pamphlet. Two of them, one containing revisions in Rush's own 
handwriting, are in’the Library Company of Philadelphia collection and one at Harvard. 
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SYLLABUS. 
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ACADEMY, 
ta 


Courtesy of the Library Company of Philadelphia 
Fic. 1. Cover page of the Syllabus of Rush’s Course in Chemistry. 


tremely busy man, took the time to teach this course, we do not 
know. It is however true that Rush, in his writings on the subject of 
education, continually pleaded for the introduction of science into the 
curriculum, on grounds that in a new country a knowledge of basic 
sciences, such as botany, chemistry and mineralogy was necessary 
for an understanding of the physical environment and its products 
in their relation to agriculture, industry and trade. He therefore 
opposed too long a study of Latin and Greek, saying that it was like 
turning “our backs upon a gold mine, in order to amuse ourselves 
catching butterflies.” It is also true that he was deeply interested in 
disseminating a knowledge of the rules of good health, saying that in 
a republic a physician ought to be an educator. Thus Rush antici- 
pated at many points the program in health education and domestic 
science that we take for granted in our schools today. Whatever the 
reason, the outcome was that he delivered what proved to be the 
first series of lectures on chemistry in America designed specifically 
for girls. 

The course was presented in the Academy building in Cherry Alley 
between Third and Fourth Streets. Rush considered twelve lectures 
sufficient to cover all the topics necessary for the chemical education 
of the class.‘ The first seven were devoted to general chemistry, while 

4 Rush’s own notes, written in a small pocket-size notebook of about eighty pages, are in the Library Com- 


pany of Philadelphia collection. Rush did not write out the lectures (with the exception of his introductory 
lecture), but made a series of notes, to remind him of the topics which he wished to discuss in each lecture. 
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the final five pointed out the applications of chemistry and natural 
philosophy to cooking and housekeeping. In drawing up the early 
lectures the professor skimmed the major topics from the course 
which he taught at the College of Philadelphia and presented them 
under the following headings: heat, salts, earths, inflammable bodies, 
metals, waters and airs. This classification, which Rush had learned 
in his student days under Joseph Black at the University of Edin- 
burgh in 1767-1768, was simple but useful at the time, when modern 
chemistry was still in its infancy. The concluding lectures dealt with 
what we today call home economics, that is, the house, dress, furni- 
ture and food. 

In the opening lecture Rush attempted to impress the girls with the 
importance of chemistry, and to arouse and retain their interest in 
the subject. This he did by pointing out the following reasons for 
studying chemistry: 

1. “It will excite a taste for such books as treat more fully upon these subjects, 

& raise you above the necessity of stooping to novels & romances for 
entertainment. 

2. It will furnish you with subjects for rational and improving conversation, 

and thereby preserve conversations from dress, fashions or scandal. 

3. It will cause your society to be sought for & courted by sensible men, & 

be the means of banishing fools & coxcombs from your company. 

. It will afford you pleasure in solitude. ... . 

. This kind of knowledge will make you useful to your parents. ... . 

6. It will qualify you to shine as wives, mothers & mistresses of families when 
it shall please God to call you to fill these important female stations.” 


on 


Then he turned to the first scientific topic, heat. Here he drew atten- 
tion to its laws, effects, such as expansion and evaporation, and 
changes in temperature which occur during chemical reaction. 
Through the second and into the third lecture he continued this topic. 
The emphasis on heat reflected Rush’s apprenticeship under Joseph 
Black, the discoveror of latent heat. The subject of the latter part of 
the third and the beginning of the fourth lecture was salts. These 
were classified as acid, alkaline or neutral. A few of the more im- 
portant compounds, as sea salt and nitre, were discussed in detail. 
The remainder of the fourth lecture was devoted to the earths, which 
were divided for convenience into five classes: calcareous, gypseous, 
flinty, apyrous and clays. The entire fifth lecture covered inflam- 
mable bodies, classified as fuels, oils, sulfur, spirits, resins and 
phosphorus. In the sixth lecture Rush discussed the following com- 
mon metals: gold, silver, iron, copper, lead and mercury. The seventh 
lecture, the last on general chemistry, was devoted to water, prin- 
cipally mineral and carbonated waters, and “airs.”’ The latter in- 
cluded common, inflammable, dephlogisticated, and phlogisticated 
airs. These names echo the theory of phlogiston, in which Rush was 
a believer. 
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One of the most noteworthy features of Rush’s course was lecture 
demonstrations. The performing of experiments entailed some dif- 
ficulty in those days when college professors had to provide most or 
all of the apparatus and when the equipment and chemicals had to be 
imported from Europe. Unfortunately, we do not know how many 
experiments Rush performed for the girls, neither do we know how 
he proceeded. The most interesting demonstration was a simple 
analysis in which Rush weighed “vitriolic acid” and an alkaline salt 
(a carbonate) then mixed the two, and, after the reaction had ceased, 
weighed the remaining mass. The loss in weight was equal to the 
weight of ‘‘fixed air” in the alkaline salt. 

In the remaining five lectures Rush discussed the application of 
chemistry and natural philosophy to the home, to furniture, to cloth- 
ing and food. He began by discussing the location, the methods of 
construction, and the building materials of houses. Other topics were 
fire places, cellars, vaults, stables, kitchens, ice houses, the cause and 
remedy of smoky chimnies, the preservation of the wood and walls 
of houses, methods of rendering houses clean and wholesome, the 
prevention and elimination of insects, rats and mice, methods of 
keeping a house cool in summer and warm in winter, and the methods 
of protecting buildings from lightning. 

The next general topic was clothing, which included fabrics of 
linen, wool, cotton and silk, and the methods of removing stains from 
garments. This was followed by a discussion of home furnishings. 
Here the professor mentioned practically every article found in the 
home. Plate, vessels of iron, pewter, tin, copper and brass, china, 
glass and earthenware, beds, sheets, and blankets, washing, bleaching 
and ironing, soap, starch, blue and dyes, clocks and jacks, lamps and 
candles, pens, ink and paper, books, thermometers and barometers, 
all received their share of attention. Then Rush began a subject 
which must have awakened the most lackadaisical of his students, 
“the means of preserving female beauty.’’ This gave him occasion 
for comments on the “shape,” the teeth, the complexion, and the 
health of women, and on those man-traps, hats and perfume. In his 
discussion of food, Rush spoke of the physiological and psychological 
aspects of the appetite, and the influence of different kinds of food on 
health and pleasure. The methods of cooking meats and vegetables, 
of preparing soups and broths, of preserving fish, meat, vegetables, 
fruits, herbs, sugar, oils, water, bread, wine, cider, beer, vinegar, 
tobacco, the use of salt, vinegar, pepper, milk, cream, cheese, whey, 
and eggs, the methods of cooling liquor, tea, coffee and chocolate, 
all received the professor’s attention. At the end, Rush, the chemist, 
gave way to Rush, the physician, who described home remedies for 
such trifling disorders as warts, corns, and sore eyes. 
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As serious as Rush apparently was in teaching the applications of 
chemistry to every-day living, some of his statements are not without 
an unconscious humor which tickles our funny-bones today; ‘“The 
best method of destroying them [flies] is to put some molasses on a 
board to which they will repair in swarms. A little gun-powder ex- 
ploded under the board will destroy them.’ Again: ‘“‘Heat passes 
slowly through white bodies. Hence the use of white hats and clothes 
in summer and hence the goodness of Providence in covering the 
heads of old people with white hair.” 

In studying Rush’s lectures the girls had another help in addition 
to the notes which they took in class, namely, Rush’s printed syllabus. 
Since textbooks on home economics chemistry were unknown at this 
time, and would not appear for perhaps another century, this syl- 
labus is of historic interest. In it Rush listed each lecture-topic, but 
nowhere did he go into detail, so, for the full substance of the lectures 
the girls were obliged to rely upon their lecture notes. A set of three 
such notebooks, each containing approximately thirty-five pages of 
writing is in the Library Company of Philadelphia collection. It is 
possible that the set may have consisted of four notebooks, since 
lecture number twelve is missing. The earliest date which appears is 
October, 1787. The notebooks are annotated in many places by Rush 
himself. 

Following the last lecture Rush gave an examination of 18 ques- 
tions. With the exception of a few questions on heat, such as ‘“‘whence 
is heat derived,” and “is it lodged in all bodies,” he avoided basic 
science and concentrated on applications. He asked the girls to state 
“the best method of extinguishing fires in chimnies,’’ how to “prevent 
the increase of mosquitoes,” to give the procedure for removing 
“stains of red wine, cherries, etc.”’ from linen, how to ascertain when 
fish was “‘boiled sufficiently,” to state whether tea was ‘“‘wholesome,” 
and to give their opinions of coffee. 

Following the examination period came exercises celebrating the 
end of the quarter. It was the custom in the Young Ladies’ Academy 
to award prizes to the students achieving the best grades in the dif- 
ferent subjects. Miss Hetty Reed received the prize for “‘superior 
knowledge in chemistry and natural philosophy, as these are appli- 
cable to domestic purposes.” 

There is no evidence that Rush repeated the course. Perhaps he 
was too busy in later years teaching at the College of Philadelphia, 
keeping up his medical practice, and waging polemics over yellow 
fever, to continue his experiment at the Academy. After he left the 
Academy the course was apparently dropped from the curriculum, 
since diplomas of the year 1792 and 1794 made no mention of chemis- 
try in the curriculum. 
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The Young Ladies’ Academy, although long forgotten, was a well- 
known institution for the education of young women in the United 
States. In 1792 the enrollment reached one hundred students, and 
later it rose to one hundred and fifty. Girls came from Florida, 
Georgia, Carolina, Virginia, Maryland, Delaware, New Jersey, New 
York, Massachusetts, Maine, Connecticut, Rhode Island, Nova 
Scotia, Canada, the West Indies and Europe. 

Rush’s educational idea in drawing up a course in home economics 
chemistry has, like the Academy itself, been practically forgotten. 
Yet, in chemical education he deserves to be remembered as the first 
teacher in America, possibly in the world, to conceive a series of 
lectures on the applications of chemistry to every-day living and to 
publish a textual aid on the subject. This alone would entitle Ben- 
jamin Rush to be held in grateful memory by America’s “Scientific 
Age.” 

The authors express their deep thanks to Mr. Barney Chesnick, 
Curator of the Library Company of Philadelphia, and to Mrs. Lillian 
Tonkin, a member of the staff, for their many kindnesses and 
courtesies. 


“SyLLABUS OF LECTURES, CONTAINING THE APPLICATION OF THE PRINCIPLES 
oF NATURAL PHILOSOPHY, AND CHEMISTRY TO DOMESTIC AND 
CULINARY PURPOSES:” 


Introductory remarks on the effects of heat and mixture and on the different 
objects of chemistry. 

Of salts 

Of earths 

Of inflammable bodies 

Of metals 

Of waters 

Of airs 

Of the direction of a house 

Of the usual materials for building a house 

Of the means of rendering a house cool in summer and warm in winter 

Of fireplaces, stoves and fewel 

Of the causes and remedies of smoky chimnies 

Of cellars and vaults 

Of the preservation of the wood and walls of a house 

Of rendering a house clean and wholesome 

Of preventing and destroying such insects and noxious animals as infect 
houses 

Of the means of defending houses from lightning 

Of kitchens, ice-houses, etc. 

Of dress 

Of woolen, cotton and silk and linen cloths 

Of furniture 

Of plate 

Of iron, pewter, tin, copper and brass vessels 

Of china, glass and eathenware 

Of looking-glasses, pictures, prints and busts 

Of beds, sheets and blankets and of the means of preserving them, etc. 

Of washing, bleaching and ironing 
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Of soap, starch, blue and dyes 

Of clocks and jacks 

Of lamps and candles 

Of pens, ink and paper 

Of books 

Of thermometers 

Of barometers 

Of the means of preserving Female Beauty 

Of aliments 

Of the final cause of the frequent returns of appetite for food 

Of the harmony of the different kinds of aliments and its influence upon 
health and pleasure 

Of fermentation 

Of meats, wild and domestic, young and old 

Of Filth 

Of the different methods of cooking animal food 

Of Soups and Broths 

Of the preservation of fish and flesh 

Of condiments 

Of salt, vinegar, pepper, etc. 

Of milk 

Of Cream, Butter, Cheese and Whey 

Of Eggs 

Of vegetables 

Of the means of preparing them for food 

Of the means of preserving them 

Of Fruits 

Of the means of preserving them 

Of the means of preserving herbs 

Of Sugar 

Of Oils 

Of Water 

Of Bread 

Of Wine 

Of Cider 

Of Beer 

Of Vinegar 

Of Spirits 

Of the methods of cooling liquors 

Of Teas, Coffee, Chocolate 


MAN-MADE DIAMONDS GOING INTO MASS PRODUCTION SOON 


Man-made diamonds, identical to the natural stones, will be in mass produc- 
tion for industrial users sometime next year, the General Electric Company’s 
Metallurgical Products Department revealed. More than 100,000 carats of 
diamonds already have been produced in pilot plant operations. 

Synthetic production of industrial grade diamonds is expected to free the 
United States from dependence on Belgian Congo and South African supplies. 

Diamonds produced in quantity here have been shown to be identical to 
natural diamonds on the basis of optical, X-ray and chemical examinations and 
hardness tests. The largest of the synthetic diamonds are about the size of 
coarse grains of sand, and most of them are about the size of fine sand. 

The man-made diamonds, produced from carbon under high pressure and 
temperature in a duplication of the natural process, will be used in cutting tools 
grinding wheels and other industrial equipment. 
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THE GEOMETRICAL CONSTRUCTION OF 
THE ALPHABET 


GENE DoLnick, DAvip KUPPERMAN, AND WARREN SANDERSON 
Von Steuben High School, Chicago, Illinois 
INTRODUCTION 

This project, ““‘The Geometrical Construction of the Alphabet” 
was executed by Gene Dolnick, David Kupperman, and Warren 
Sanderson, a committee of students in a first semester geometry class 
of Dr. Edward J. Uber, chairman of the Science Department, at the 
Von Steuben High School, Chicago, Illinois. 

Each of the letters of the alphabet in this project was constructed 
by using one or a combination of the fundamental constructions 
studied in Plane Geometry, such as: segments equal to given seg- 
ments, bisection of an angle, perpendicular at a point on a line, angles 
equal to given angles, perpendicular bisector, perpendicular to a line 
from a point not on the line, circles with given points as centers and 
given segments as radii, lines parallel to given lines, and tangents to a 
circle. 

The construction lines which are a part of the drawings indicate 


the methods used to complete each letter of the alphabet. These 
methods, of course, do not preclude other ways that the letters may 
be constructed. 


Construction A 


Draw a horizontal line segment AB. Construct perpendiculars at A and B. 
Construct AC equal to AB. Construct another perpendicular at C and extend 
it to D. Bisect CD. Draw lines AE and EB. Bisect AE and EB. Draw line FG. 


Construction B 


Construct two over-lapping circles S and T with equal radii. Draw a line of 
centers ST. Extend ST to M and N., 
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Construction C 


Draw a horizontal line segment XWST. Construct perpendiculars at W and 
S. Construct WU equal to WS. Construct another perpendicular at U. Draw 
diagonals YW and SU. Bisect UW. Using UR as a radius and Q as a center, 
draw arc PRM. 


Construction D 
Draw circle O with a vertical diameter MN. 


Construction E 


Draw a vertical line segment AB. Construct perpendiculars at A and B. 
Construct the perpendicular-bisector of AB. 


Construction F 


Draw a vertical line segment XZ. Construct a perpendicular at X and con- 
E struct the perpendicular-bisector of XZ. 


Construction G 


Draw circle O. Construct tangents XB and XY equal to diameter of circle O. 
Construct perpendicular-bisector of XY. Draw radius OC. Draw secant ZB 
to determine point A on circle O. Draw arc AZC. 


Construction H 


Draw a vertical line MN. Construct OP parallel to MN. Construct the per- 
pendicular-bisector of MN and extend it to line OP. 
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GEOMETRICAL CONSTRUCTION OF ALPHABET 


Construction I 
Draw a vertical line segment YY. 


Construction J 
Draw circle O. Construct CD tangent to circle O at D. 


Construction K 


Draw a horizontal line LN. Construct a perpendicular KL at L. Bisect KL. 
Construct a perpendicular at N equal to KL. Draw line segments OM and 
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Construction L 
Draw vertical line RS. Construct perpendicular ST. 


Construction M 


Draw circle O. Divide the circle into six equal parts. Draw chords 
YZ. Draw radii OW and OY. 
w 
‘ 
~ 


Construction N 

Draw a vertical line WX. Construct line YZ parallel to WN. 
Construction O 

Draw a circle. 
Construction P 

Draw a circle. Draw vertical diameter YZ and extend it to Y. 


Construction Q 
Draw circle Y. Extend a radius to Z. 
Construction R 


Draw a circle. Extend diameter AC to B. Extend a radius to O. 


Construction 
Construct two tangent circles O and NV. 
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GEOMETRICAL CONSTRUCTION OF ALPHABET 


Construction T 
Draw a horizontal line RS. Construct a perpendicular-bisector, UW. 
Construction U 


Draw a circle. Construct two vertical tangents, XZ and VU. 


Construction V 
Draw a circle. Divide it into six equal parts. Draw chords RS and SV. 
Construction W 
Draw a circle and divide it into six equal parts. Draw chord AZ. Draw radii 
OE and OF. Draw chord DF. 
Construction X 
Draw a horizontal line segment MOPN. Construct equal perpendiculars 
at O and P. Draw segments &P and OJ. 
Construction Y 
Draw line AB. Construct the perpendicular-bisector, DE, of AB. Bisect DE. 
Draw line segments AC and BC... 
Construction Z 


Draw horizontal line AB. Construct line CD parallel to AB, 
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COMPLEX HYDROGEN ION CONFIRMED 


The existence of a complex hydrogen ion that has long been the bane of any 
person who has studied chemistry in high school or college has been confirmed. 

There is no longer any doubt that hydronium ions exist in water solutions and 
students will have to reconcile themselves to giving the troublesome ion due 
consideration in their attempts to balance complicated chemical equations. 

Drs. Michael Falk and Paul A. Giguere, Laval University, confirmed the pres- 
ence of hydronium ions, H;O-positive, by infrared spectroscopy. They believe 
refinements in their technique may make possible more accurate determinations 
of the degree of ionization, or “strength,” of strong acids in concentrated solu- 
tions. Until now such measurements could be made only indirectly and frequent- 
ly without precision. 

For over 50 years the hydronium ion has been only a concept found useful in 
explaining otherwise confusing results in setting up some chemical equations. 
Students have been told that water in most solutions breaks up to form H- 
positive hydrogen ions, written as H followed by a superscript plus sign. This 
simplified expression has served well to fill in gaps in equations, but sometimes 
fails to complete more complicated expressions. 

High school and beginning college students usually are told to try to visualize 
the complicated reactions as cases in which a water molecule subscript, HO, 
attaches a H-positive ion to form H;O-positive and the equations can be com- 
pleted. A drawback has been that students tend to forget the complex breakdown 
of water in ionic solutions because there has been no proof of hydronium ion 
existence. Some chemical educators have doubted the ion’s existence, making 
the student’s task even more difficult. 
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SCIENCE TEACHERS EVALUATE SCIENCE 
TEACHERS 


LEONARD A. OsTLUND 
Kent State University, Kent, Ohio 


INTRODUCTION 


The purpose of this report is to outline a procedure which provided 
data important to the assessment of the National Science Founda- 
tion’s $255,000 Academic Year Institute at the Oklahoma State 
University, Stillwater, Oklahoma.” Fifty outstanding high school 
mathematics and science teachers participated in a boldly conceived 
pioneering venture which was designed to improve their skills (5, 6, 
8). As Evaluation Director for this program, the writer believed that 
it was of paramount importance to obtain frank appraisals by these 
outstanding teachers concerning the National Science Foundation’s 
Staff and curriculum. 


THE QUESTIONNAIRE AND INTERVIEW PROCEDURE 


A questionnaire which the writer had designed and used in guid- 
ance research was adapted to the present situation (7). A modified 
form of the questionnaire was tried out as a pilot study by the writer, 
with the cooperation of his class in educational psychology at Kent 
State University. The class was composed of motivated adults whose 
constructive criticisms resulted in changes which improved the 
questionnaire. 

It should be pointed out that timing constitutes one of the most 
knotty problems. If administered too early, the subjects have in- 
sufficient grounds for judgment. On the other hand, if administered 
too late, a “graduation halo” effect is unavoidable. Typically, the 
students reminisce uncritically through rose-colored glasses so that 
the results are not reliable. Considerable research indicates that the 
most appropriate interval lies between these two extremes. For this 
reason, the writer scheduled the questionnaires and interviews at 
the three-quarters point, while the students were still in the midst 
of the second semester of the program. 

While there is much controversy concerning questionnaire research, 
there is general agreement that the most reliable results accrue when 
a well-motivated, high-level group cooperates. Unquestionably, these 

} Formerly at Oklahoma State University. 

2 The writer is indebted to the staff, the students, to Dr. James H. Zant, Project Director, as well as others 
whose cooperation made this evaluation study possible. The secretarial efforts of the writer’s wife facilitated 
every aspect of this study. However, the instigation, pursuit, and interpretation of this study was the sole 


responsibility of the writer. The views expressed are the author’s and not necessarily those of the National 
Science Foundation or of Oklahoma State University. 
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standards were met. Moreover, the writer, who had originated the 
questionnaire, administered it personally at the Oklahoma State 
University. A brief talk, which explained rationale and procedure, 
preceded the administration. A few minor problems which arose were 
handled without difficulty. 

After each Fellow completed his questionnaire, he brought it to 
the writer who scanned it quickly for obvious omissions, which were 
then completed by the Fellow. Moreover, he was signed up for an 
interview, concerning which he had been briefed in the writer's in 
troductory remarks. 

The interviews began the next morning and continued for three 
days until each of the forty-eight Fellows had participated. All were 
very cooperative, each one appeared on time, and apparently wel- 
comed the opportunity to be heard. Before the interview, the writer 
checked each questionnaire thoroughly, so that when the Fellow 
appeared, he could be asked to complete any blanks or clarify any 
ambiguities. 

All interviews were conducted in a basement supply room which 
included a convenient desk. This unusual setting was fortunate in 
that it added a note of informality that fitted the permissive at- 
mosphere which had been structured by the writer. 

The interview began with a verification of the Fellow’s name and a 
statement assuring him that all information would be kept strictly 
confidential and used for constructive purposes. Next, the writer 
asked permission to tape record the interview. He explained that this 
would represent more scientifically reliable data than would hasty 
notes or remembered comments. No one objected. 

The tape recorder was placed on the floor and out of sight in order 
to minimize the distraction of the revolving spindles. While the 
microphone was in full view, it was placed to one side so that it would 
be less prominent. The frankness of the comments suggests that the 
presence of the tape recorder did not inhibit free expressions of 
opinions. 

With regard to the National Science Foundation Program curricu- 
lum, the writer asked the interviewee to elaborate a brief remark such 
as “‘fine’’ by saying, “I noticed that you marked this course ‘fine.’ 
Would you mind telling me why?” Further probes included neutral 
statements, such as “How did you mean that?,” ‘“Tell me more,” 
“Anything else?,’”’ etc. Throughout the interviews, the writer reiter- 
ated the fact that his function was that of a ‘‘neutral ear’’—that his 
goal was not to judge the Fellows, but to listen, learn, and report to 
the staff. 

In order to terminate the interview gracefully, the writer set a 
timer, and when it rang, he remarked, ‘I’m sorry, but that timer tells 
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us we've run out of time and we shouldn’t keep the next one waiting. 
I certainly have enjoyed talking to you and appreciate your coopera- 
tion. Later you'll receive a summary of the results.” 

By means of these procedures, information concerning ratings and 
comments on various aspects of the National Science Foundation 
Program was obtained. The basic data comprised forty-eight ques- 
tionnaires, with a similar number of twenty-minute, -tape recorded 
interviews, which were recorded perfectly. In the writer’s opinion, 
the fact that the questionnaire was administered personally and 
followed up by interviews which enriched and enlarged the scope of 
the data, constituted the most complete, reliable, and valid record 
possible. 

The questionnaire included nine items which sampled the opinions 
of the Fellows regarding the special courses which had been designed 
for the National Science Foundation Program. This group of items 
was set off from the preceding section by the following words: 

““As you know, special courses were designed to suit the genera! purposes of 
the National Science Foundation Program. Your ratings and comments will 
prove valuable. Check ‘not taken’ and omit if you have not taken the course,” 

Each item listed the name of the course and included a rating scale, 
exactly as follows: 


0 25 50 75 100 


with the following instructions: 


“Please rate by placing an X anywhere on the scale. For example, your X 
may be placed directly above any number, or between any two numbers.” 


RATIONALE OF THE RATING SCALE 


There are an infinite number of rating scales, since the scale varies 
according to the goal of the research. Illustrations, as well as a com- 
plete explanation of the philosophy of construction and administra- 
tion have been given elsewhere (1, 2, 3, 4). Therefore, the writer’s 
purpose is limited to an explanation of the actual rating scale used in 
this survey. 

The writer believes that a simple scale marked 0, 25, 50, 75, and 
100 is more meaningful to science and mathematics teachers, than 
one phrased qualitatively from poor to excellent, or one with de- 
scriptions such as “‘doesn’t suit needs”’ to “highly profitable.” Then 
too, no matter what type of scale is used, a universal problem is 
faced. Even though a common stimulus is presented, the individual’s 
frame of reference varies. 

For example, one individual thinks that the course is excellent and 
rates it at 100, whereas another student thinks that the course is 
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excellent, but rates it at 85. Moreover, in marking a scale one in- 
dividual who rates it at 75 marks it precisely at this point, whereas 
another person, intending to rate it at 75 is more careless and rates 
it above or below this point so that his rating is recorded at 70 or 80. 

Despite these problems, the writer believes that a numerical 
rating scale is the best way to sample the relative value of these 
courses. It provides an exact measurement of the extent to which a 
course is judged profitable or unprofitable, rather than just the know]- 
edge that it is judged profitable or unprofitable, for all ratings are 
read off on a continuum of 0 to 100. In order to avoid undue emphasis 
upon precision, quartile ratings were included. 


RATIONALE OF THE MEAN 


Since the mean is the statistical average of all ratings, it may be 
considered indicative of the general opinion. However, this is true 
only when the mean is based upon a large number of opinions. The 
mean is not a reliable measure if few are involved, because a few high 
and a few low ratings will average out to the midpoint, which is not 
actually the mirror of reality. While enrollment varied, enough opin- 
ions were obtained to constitute a valid measure for all but one course. 
In every case, the mean and the number of cases was reported, so 
that the reader was able to judge. 


RATIONALE OF THE QUARTILE RATINGS 

Because of the previously explained problems of a rating scale and 
a mean, some other measure of relationships was believed desirable. 
It has been pointed out that individual differences were responsible 
for fluctuations in rating and that sometimes the mean was not rep- 
resentative. In order to avoid a faulty interpretation due to these 
factors, quartile ratings were included. 

Quartiles are used often in college evaluation by means of statis- 
tical research because they separate the data dramatically into ex- 
tremes. The lowest quartile included the scores below the 25th per- 
centile, the highest quartile included the scores above the 75th 
percentile. The middle 50% was considered the average group. Often 
it is omitted so that the extremes will stand out more clearly. 

However, no data was eliminated. The principle of quartiles was 
used in that the comments were grouped according to low, mid, and 
high quartiles. This enabled a clearer interpretation of the students’ 
comments than would the use of the mean alone. The data com- 
prised a total of three hundred quartile ratings. 


DaTA TABULATION 


As has been mentioned, the rating was converted to an exact score. 
However, the students’ explanations of the rating had to be coded, 
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tabulated, and counted. The writer read many comments and then 
devised a code for categorizing them. After the code had been de- 
signed, all comments were read and coded by the writer. 

Finally, with regard to tabulation, the unit of measurement chosen 
was defined as ‘‘each idea mentioned.” For example, the comment 
“The professor was a master teacher and I learned a lot that I can 
go right out and use in the classroom,” was scored twice, once for the 
professor’s skill, and once for practical use. Both statements were 
classified as favorable. 

A total of 227 unfavorable comments and 298 favorable comments 
resulted. In general, the comments could be separated according to 
affectivity, whether favorable or unfavorable. Since only seven com- 
ments were ambiguous, they were omitted. Moreover, 51 were high 
ratings with unfavorable comments. These remarks totalled only 
one-tenth of the comments. This was interpreted as meaning that 
while the student regarded the course as favorable he voiced a minor 
criticism. These were included. 


RATIONALE OF THE CATEGORIES 
All the comments were grouped under the following categories: 


Attitude of the professor. 
Background necessary to profit from the course. 
Course content. 
Grading and tests. 
Laboratory. 
Student motivation. 
Preparation and organization of the course. 
Presentation by the professor. 
. Rate—whether the pace was too fast or too slow. 
. Skill or competence of the professor. 
Text. 
2. Practical value. 


1. 
2. 
3. 
4. 
6. 
8. 


DATA SUMMARY 


Despite the qualifications which have been made throughout these 
explanatory passages, it must be remembered that the data were ob- 
tained systematically, scientifically, and confidentially. Therefore, 
if a large number of comments in a certain category were either plus 
or minus, they should be considered important since they repre- 
sented a consensus. Furthermore, areas involving a balance of plus 
and minus opinions should be weighed pro and con. 

In order to make the categories more meaningful, typical state- 
ments were included. These were transcribed verbatim from the tape 
recordings of the interviews and the questionnaires. For obvious 
reasons, these confidential reports have been omitted from this dis- 
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cussion. However, a summary of the data has been included and 
appears in Table I. These findings were elaborated in the confidential 
report. 

CONCLUSIONS 

The writer believed that these opinions should be considered as 
indicative of feelings and the foci of staff discussion, rather than as 
mandates to action. In the final analysis, the staff had the respon- 
sibility for means and goals. However, the voice of the Fellows was 
thus accurately reproduced and transmitted to the staff. Moreover, 
since the National Science Foundation’s Academic Year Institutes 
were increased from two to sixteen at a cost of four million dollars, 
the data assumed greater stature. 

Finally, it would seem reasonable to assume that these procedures 
might be used by any courageous teacher who is willing to face the 
mirror of reality. This is one fruitful and inexpensive approach to the 
improvement of mathematics and science teaching which any in- 
structor can utilize. Furthermore, it has additional appeal as a scien- 
tific “‘do it yourself” project. 
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SOUND WAVES IMPROVE CHROMIUM PLATING 


Bright chromium plating is improved by passing sound waves through the 
plating solution. Sound waves make the chrome plate harder, stick better to the 
base metal, increase brightness and make the plated surface less porous. 

Waves of 10 kilocycles per second, sonic, and 260 Ke. per second, ultrasonic, 
produced essentially the same effect. It is believed that the sound wave vibra- 
tions have the effect of agitating, or stirring, the plating solution at the surface 
to be plated. 


THE PROBLEM OF THE BALANCED CYLINDER 


STANLEY M. BARNES 
Mathematics and Science Teacher, Wilbur Wright High School, 
Detroit, Michigan 

Proposition 

To prove that that one cylinder may be balanced at right angles 
across another if, and only if, the diameter of the upper one is less than 
that of the lower one. (For ease in demonstrating this proposition it 
is better to use a rectangular bar in place of the upper cylinder.) 
Law of Physics to be Applied 

An object is in stable equilibrium if a slight tipping causes its center 
of gravity to rise; if the center of gravity falls, the object will continue 
to tip. 


Mathematical Basis of Proof 


If, as the upper cylinder is tipped, the slope of the path of the 
center remains positive as the displacement approaches zero, a slight 
tipping will cause the center of gravity to rise. If, at this point, the 
slope is negative the center of gravity will fall and the cylinder will 


not balance. 
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BALANCED CYLINDER 


Explanation of Diagram 

O is the center of the end view of the lower cylinder which has a 
radius of a (OD). E is the center of gravity of the upper cylinder (side 
view) which has a radius DE. This radius will be called h. 

Curve DI is the involute of circle O. 

Curve EG is the path of the center of gravity Z, G being any point 
on this curve within the limits of the problem. 
Proof of Proposition 

To find the parametric equations of Curve EG, the y value will be 
the projection of OG on OY and the x value will be its projection on 
OX. 

The projection of OG on OY is OC, but 


OC=0A+AB+ BC 
Where OA=a cos ¢; (o:=¢2=¢). 


And AB=IT sin (But /T7=arc 
Or AB=adé sin ¢. 
BC=I1G cos (But JG= DE=h). 


Or BC=h cos ¢. 


Explanatory Note; As the upper cylinder rolls to the right, the con- 
tact point becomes 7, the original contact point D moves to J and 
the center of gravity to G. JG is the new position of the radius h. 
Then 


y=OC=a cos ¢+a¢ sin ¢+h cos $=(a+h) cos ¢+a¢ sin ¢. 


and 
x=OL=OM-—-KM+KL 


=AT—IT cos ¢,+1G sin 
=a sin ¢—ad cos ¢+h sin 
=(a+h) sin cos ¢. 
ly 
—(ath) sin cos sin ¢= —hA sin $+ Cos ¢. 


d 
(at+h) cos ¢+a¢ sin ¢—a cos ¢=h cos $+ sin ¢. 
—h sin d+ cos @ 


dx h cos sin 
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As ¢ approaches zero, sin ¢ approaches ¢ and cos ¢ approaches ¢. 
Therefore as ¢ nears 0, 


dy —ho+ad 
dx h+a¢? 


Also, as @ becomes small, ag’ becomes negligible. 
Then 


dy o(a—h) 


dx h 


This is the slope of Curve EG. 

If h=a (two equal cylinders), the slope is zero and neutral equi- 
librium may be considered to exist for an_ infinitesimal 
amount of displacement. However, this very quickly be- 
comes negative. 

If h<a, the slope is positive and stable equilibrium exists. 

If h>a, the slope is negative and the cylinder will not balance. 

These results agree with the statement of the proposition. 


MEN ARE PHYSICALLY ABLE TO TRAVEL IN SPACE NOW 


Men are physically capable of surviving space trips right now, says Dr. Nello 
Pace, University of -California authority on high altitude physiology. 

However, human ventures into space at present would be marginal. The effi- 
cient use of human observers on missiles and space platforms for extended 
periods requires much more research on man and his relationship to his environ- 
ment, Dr. Pace said. 

The scientist, who is operations director of the University’s 14,250-foot-high 
White Mountain Research Station, pointed out that American achievements in 
conquering physiological problems of space are already considerable. 

The Navy’s Stratolab Project twice has put two men up to 80,000 feet for 
several hours, and the Air Force’s Manhigh Project kept an observer at more 
than 100,000 feet for more than 24 hours. 

“The conditions in space are not essentially different from those at 100,000 
feet,’ Dr. Pace said. 

He added that psychological stresses and problems of food and air supply in 
atomic submarines are almost identical. These and other problems of extended 
submergence have been extensively studied. 

Important problems remain to be solved, however, Dr. Pace said. One of the 
most important concerns the effects of gravitation. It has been found in rocket 
flights that animals become disoriented, and similar results have been found in 
humans in brief periods of weightlessness at certain points in the parabolas of 
diving aircraft. However, because it is difficult to create a weightless environ- 
ment, extended studies remain to be made. 

“Tf we want to send efficient human agents into space for scientific and mili- 
tary reasons, we need to expand considerably the research on man in relation to 
his environment,” he said. 
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SCIENCE IN THE JUNIOR HIGH SCHOOL 
J. B. 


Louisiana State University, Baton Rouge, Louisiana 


The picnic planned by the class was postponed because of rain. 
The radio announced storm warnings for the coast of New England. 
Mother said, ‘‘The clouds are heavy, it may rain before night.’’ The 
old house on the corner caught fire because of defective wiring. Daddy 
said, ‘Our water bill last month was nowhere near the cost of the 
electricity.’’ Our basketball coach asked us not to eat between meals. 
This is science for the junior high school boys and girls. These state- 
ments may be discussed and understood, and the problems which 
arise may be solved in the light of the experiences of the junior high 
school students. 

In order to teach children one must answer many questions. Some 
are propounded by the students but the basic ones are asked by you, 
the teacher. The successful instructor must answer these questions: 
What is the purpose of science for my pupils? What am I trying to 
accomplish with these boys and girls? These questions must be used 
constantly as criteria for evaluating the activities of the teacher 
and the students. 


The suggested purposes will serve as guides for the science instruc- 
tor in the teaching of students; these should be discussed with the 
pupils for corrections, additions, and approval: 


1. To help children develop concepts, principles, and generalizations which 
will be of value to them in understanding and solving their problems. 


The teacher can help the junior high school boy or girl develop a 
concept of environment which will be helpful and lasting. The mean- 
ing will not be based on superstition or faulty information but upon 
knowledge, insight, and reliable evidence. 

By selection and organization of the content of the junior high 
science program, the pupils will study broad areas in science. Through 
careful choice of activities conducive to study, pupils will fix many 
ideas of their environment, these ideas will be the basis for under- 
standing and solving many problems of the student. 

Through knowledge of natural and physical phenomena the pupil 
can adjust himself more readily to his environment and make wiser 
uses of its resources. The concept that our earth is a part of the 
universe is basic to understanding the cycle and causes of the seasons. 
To realize the interdependence of plants and animals it is necessary 
to understand that plants are the organisms which make food. The 
use of electricity in producing heat emphasizes a need for the child 
to understand the use of the fuse and the circuit breaker in the home. 
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2. To help children develop intellectual honesty, cultivate scientific attitudes, 
become critical minded, and willing to seek and act upon reliable evidence. 


Scientific attitudes are not reserved for the adult, nor are they 
acquired by listening to a teacher ask questions. They require a long 
period for growth under wise and careful guidance. 

Do people live on Mars? This question is not answered by a “‘yes”’ 
or ‘‘no’’ but should be answered on the basis of evidence sought 
through reading and discussion. Pupils may find varying opinions 
among their classmates and in literature. The scientific attitude 
would be reflected in the willingness of the pupils to seek new and 
more reliable evidence. 

The study activities of pupils have much to do with the attainment 
of this objective. Students usually use the methods of study that 
have been planned for them. Therefore, the responsibility of helping 
boys and girls acquire scientific attitudes rests primarily with the 
teacher. This objective implies experimentation and evaluation by 
pupils to find new evidence and determining if the evidence is reliable. 
Such an objective authorizes the pupils to challenge statements made 
by teachers, lecturers, press, and commentators with the question, 
“Where is your proof?” 

3. To help children develop the scientific method of work, including such 


elements as intelligent planning, careful observation, the drawing of logical 
conclusions, and continuous evaluation of all phases of work. 


Intelligent planning and careful observation are important to 
pupils and adults alike. The scientific method of work developed in 
the science class will apply to all other areas of study. Junior high 
school pupils may not use all the steps of the scientific method in 
the approach or attempted solution to their problems. The following 
example is illustrative of the activities of a science class: The stu- 
dents were studying weather conditions and an approaching hur- 
ricane. Their weather predictions had been based on planning and 
construction of necessary instruments, on careful and accurate ob- 
servations in reading these instruments, and in making warranted 
conclusions in light of the data thus obtained. 

The path of the hurricane was reported hourly by radio; the path 
of the storm was predicted by the student prior to each report. When 
the storm struck the city, more than half of the class came to school 
to watch their ‘home made” instrument and keep continuous read- 
ings on the progress of the storm. The observations and conclusions 
of the students were found to be reasonably accurate. 

This type of science instruction was interesting and stimulating to 
the students during the remainder of the year. 


4. To help pupils explore new avenues of interest which will lead to the 
satisfaction of achievement and discovery. 
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The junior high school science class should offer opportunities for 
pupils to explore new avenues of interest. Some avenues in which 
children may explore and discover things for themselves are: make an 
imaginative tour of the universe; live close to nature; ride the waves 
of sound, radio, and television; scatter, absorb, and reflect the sun- 
light; enjoy colors as light and as pigments; and use electricity in 
experiments. The interests aroused in these activities will stimulate 
curiosity and research in the present and in the future. 


5. To help children acquire those skills and techniques necessary to gain 
further information, such as reading science content with understanding, 
making accurate observations of events, and performing various science 
activities involving use of numbers and skills of manipulation. 

To attain this objective the junior high school teacher must realize 
that he is teaching pupils. Children acquire skills in securing, or- 
ganizing, and sharing information with others. The pupil pursuing 
an interest in science must read with understanding, use numbers 
accurately, report his findings intelligently, spell correctly, and work 
in an orderly manner. These skills may be developed highly in science 
classes because the skill is a means to an end. 

6. To help children develop social attitudes and appreciations needed in a 

democratic society. 

There is a close relationship between the methods of teaching 
children and a democratic society. The democratic procedures used 
in the classroom help children develop attitudes and appreciations 
for the other person’s ideas and accomplishments. The content and 
activities of the junior high school science program is conducive to 
democratic teaching, democratic living, and the attainment of satis- 
factory accomplishments. Pupil planning of study activities allows 
all to contribute, class discussion of controversial questions help 
pupils to consider the other point of view, experiments evoke respect 
for the work of other pupils, excursions usually exhibit some of the 
gentlemanly and lady-like qualities of otherwise forgetful pupils. 
The summarizing of a project which requires the work of several 
groups and two or three weeks of time assures growth in social be- 
havior. 

The purposes of science instruction are for the children. They de- 
velop ideas, fix concepts, cultivate attitudes, learn to plan for them- 
selves and then carry forward these plans. They are to explore new 
avenues of interest, they will become the citizens of tomorrow by 
being the citizens in the schools today. These purposes may be at- 
tained only through activities by the pupils under the wise guidance 
of the instructor. 
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PARABOLIC FUNCTIONS 


J. S. GEorGEs 
Wright Junior College, Chicago, Illinois 


1. Curvilinear coordinates in the plane. The parametric curves in the 
xy-plane are defined by equations of the form 


(1.1) x=x(u, v); y=y(u, v). 


For a constant value of the parameter 7, the locus of the 
point P(x, y) is a u-curve. For a constant value of u, the 
iocus of the point P(x, y) is a v-curve. 

Since each pair of values of u and v locate a point in the 
plane, « and v are called the curvilinear coordinates of the 
point. 

Of the many familiar examples of such parametric nets, 
we shall consider only the following three. 


t= A; — y=vA, - 
~ 1+7° 


(1.11)? w=2?+y"?; v=y/x. 


ut —ut 
| 
2 2 


(1.12)? v=2xy 


(1.12) 


(1.13) x=u?—v?; 


/ r+ 
(1.13)’ 4 


The w-curves in (1.11) are the concentric circles given by the 
first equation (1.11)’ and the v-curves are the radial lines 
given by the second equation (1.11)’. The parametric net 
(1.11) may be transformed to the familiar form 


(1.11a) x=+/u cos 0; y= Vu sin 


for v=tan 0. 


The u-curves in (1.12) are the equilateral hyperbolas given 
by the first equation (1.12)’ and the v-curves are the rec- 
tangular hyperbolas given by the second equation (1.12)’. 
The curvilinear coordinates u, v are called hyperbolic coordi- 
nates. 

The uw-curves and v-curves in (1.13) are the confocal parab- 
olas given by (1.13)’. The curvilinear coordinates u, 9 in 
this case are called parabolic coordinates. The parabolas 
(1.13)’ may be put in the familiar form 
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(1.13a) y?=40?(u?—x) =4p(p—x); y?=402(v? +x) 


. Orthogonal nets. If w is the angle between a u-curve and a v-curve 
through a point P of the plane, then 


(2.1) cos w= 

where 


Accordingly the condition for orthogonal nets is the vanish- 
ing of F. For each of the parametric nets in (1.11), (1.12) and 
(1.13), F=0. 


3. Functions of the area parameter ¢. In (1.11) let w=1 and let the 


line y= vx intersect the unit circle in the point P(x, y). We define 
the parameter / to be twice the area of the sector between the 
values v=0 and v=2. 


(3.1) — 2f 
1 


whence 
dl 
(3.23) 5 
dx 
We define 
(3.12) x=cost; t=cos! x; 
(3.13) y=V/1—2%=sin /. 
Thus, from (3.11) 
—1 


We ‘os x)=- 
(3.14) (0 


x? . 
(: tt 2467 


2-4-6°8-9 


1—x? 
=— — x. __—_ - -- 
(x? <1) 
and 
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Also from the second equation (3.11) 


d cost 
(3.16) -= —sin /; sin —cos (+c 
dt 
Similarly, in (1.12)’ let w=1, and let the line y= vx intersect 
the unit rectangular hyperbola x«®— y?= 1 in the point P(x, y). 
We define the parameter ¢ to be twice the area of the hyper- 
bolic sector between the values »=0 and v=2. 


/x?—1dx, 
1 


whence 


dl 1 dx 


> 
~ 


(3.21) 

dx dl 

We define 
(3.22) s=cosh ¢; t=cosh™" zx; 

(3.23) y=V/x?—1=sinh /. 

Thus from (3.21) 

d 1 1 1 1-3 1 
(3.24) (cosh! x) = = —-+——+ 

1-3-5 1 1-3-5-7 1 
+ + + (x> 1) 
and 
1 1-3 1-3-5 
(3.25) cosh seleg 
2-4-4x4 2-4-6-62° 
1-3-5-7 
—_—_____- (x>1). 

Also from the second equation (3.21) 

d-coshi 
(3.26) — F -=sinh /; f sinh /dt= cosh (+c. 

al 


In the second parabola in (1.13a) let g=1 and let the line 
y=vx intersect the unit parabola y?>=4(1+ x) in the point 
P(x, y). We define the parameter ¢ to be twice the area of the 
parabolic sector between the values v»=0 and v=v. 


(3.3) maf y'/124+y. 


| 
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whence 


dl dx VW1+x 


dx V1 +x 


dy 4 
=-—+1 
dt 


dy 4 
We define 
x=cosp (; /=cosp™! x; 
y=2 sinp /; (=sinp~' y/2. 
Thus from (3.31) 
d 2+x 
cosp7! x= 2/3(a+4) 
and from (3.31)’ 
d dy sinp"' y 2=y?/4+1 
sinp! y/2=y'/12+y 


From the second equation (3.31) 


dcosp!t VY1l+x y 1 sinp ¢ 


2+x ‘Q+x 2+cosp 
and from the second equation (3.31)’ 
d sinp ¢ 2 2 1 


(3.36) = —- 
dt y+4 4sinp?/+4 2(sinp ?+1 
4. Properties of the parabolic functions. 
(4.1) ‘=cosp7! x. 
From (3.3) we have 


(4.11) 9=4(x°+9x?+ 24x4 16), 


which implies that ¢ is a double-valued function of x, con- 
tinuous for —1<x< ©. But in view of the defining equation 
(3.3), we use the upper branch of the cubical parabola. Ac- 
cordingly, cosp~! x is a single-valued, continuous function of 
x, with range of values 0<i< (Fig. 1). 


(4.2) /=sinp™ y/2. 
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From (3.3) we have 
(4.21) 12¢= y'+12y, 


which implies that sinp~! y/2 is a single-valued function of y 
continuous for —* <y<«. But in view of the defining 
equation (3.3) we have the positive branch of the cubical 
parabola. Accordingly, sinp~! y/2 is a single-valued, continu- 
ous function of y, with range of values 0<t< = (Fig. 2). 


Cl, 10/3-VZ) 


Fic. 


sinp t 
1ai2z) 


1 


(4.3) sinp 


In view of (4.21) we have 


(4.31) (61— 29/97 + 16)"*. 


Since 9/+16>0, the cubic (4.21) has a single real root. 
Accordingly, 
(4.32) sinp (= 1/2[(6¢+2./9+ 16)!/8+ 


which implies that sinp ¢ is a single-valued function of ¢, con- 
tinuous for 0<i< (Fig. 2).. 


-4) cosp 


In view of (4.11) we have 


(4.41) x+3=1/2[(8+92+4 31/924 
+ (8+ 912 — 16)! 8]. 


Accordingly, 
(4.42) cosp 1=1/2[(8+9/2+ 3/./9+ 16)"/3 
+ (8497 


which implies that cosp ¢ is a single-valued function of /, con- 
tinuous for 0<!< (Fig. 1). 


(4.5) tanp /, cotp /, secp ¢, cscp /. 
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We define four other parabolic functions as follows: 


(4.51) tanp /=- P =. 
cosp/ 2x x 


cospt 2x x 
(4.52) cop {= = = 
sinpi 2y 


1 
(4.53) secp /=———-= 
cosp 


1 2 1 
(4.54) cscp = 
sinpf v 


5. Relationships between the parabolic functions. From the equation 


of the defining parabola, we have 
(5.1) sinp? /=cosp ‘+1; sinp? /+1=cosp /+2. 
From (4.51 and (4.53) and (5.1), we have 
(5.2) tanp* /=secp* /+secp 
From (4.52), (4.55), and (5.1), we have 
(5.3) cotp f=sinp ¢—cscp 
. The derivatives of the parabolic functions. From (3.35) and (5.1): 
sinp ¢ sinp / 
cosp sinp? +1 
From (3.36 and (5.1): 
1 1 
2(sinp? 2(cosp ¢+ 2) 
In view of (6.1) and (6.2), we have 


(6.1) d/di cosp t= 


(6.2) d/di sinp t= 


d? cosp —cosp —cosp 


2(cosp t+ 2)? 2(sinp? ¢+1)* 
 %sinp*+1)* 
In view of (4.51), (4.52), (6.1), and (6.2), we have 
d tanp secp? ¢ 


dl 2 
d cotp cscp? ¢ 


(6.21) 


2 
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In view of (4.53), (4.54), (6.1), and (6.2) we have 
_ dsecp/ tanp / secp / 
(0.5) 
dt sinp® /-+1 
d cscp / cscp* 
(64) 
dl 2(sinp? /+1) 


. The integrals of the parabolic functions. From (3.35) and (3.36) 


we have 


sinp (dé 
(7.1) f . =cosp (+c. 
sinp?/+1 


dl 
(7.2) f ——=sinp (+c. 
2(sinp? +1) 


In evaluating the integral of sinp ¢ and cosp /, we use (3.32)’ 
and (3.31)’. Thus, 


y/y¥ 
(7.3) fF sinp a= f ( + 


sinp?/ 
= (sin? pi+2)+c. 


) 


x(2+.2x) 
ave f (2-1) 
V1+x 4 4 


=— sinp ((sinp* 
5 


(2+.x) dx 
(7.5) f —= fate x)dx 
2x Vi+t+x x . 


=x+log x*+c=cosp (+2 log cosp (+c. 


2x x 
(7.6) f cotp fdt= f —dt= f . dx 
y Vitex 


(7.4) cosp tdt 


~ 


x 
= — dx=—-+x—log (x+1)+< 
x+1 2 
cosp? 


--+ cosp (cosp {+1)+c. 


1 sinp /—1] 
(7.7) secp f dx = 2) sinp/+log — | +c. 
x sinp /+1 


— 
2 
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2 2 
(7.8) f cscp f ( +1)dy=sinp* i+log sinp? (+c. 


y 


(7.9) J sev’ tdi= —2 tanp 


(7.10) f cscp® fdt=2 cotp (+e. 
8. Relationship between circular, hyperbolic, and parabolic functions. 


(8.1) Let for circular function the parameter /=6; for hyperbolic 
functions, ‘=; and for parabolic functions ‘=y. Then 


(8.11) cos 0=f\(x4)=x; segment AB, Fig. 3. 

(8.12) cosh @¢=f2(x) =x; 
segments BM, M’A, Fig. 3. 

(8.13) cosp ~=f3(x) =x; —1<x< segment AM, Fig. 3. 


Fic. 3 
(8.2) Similarly, as functions of x, we have 
(8.21) sin 6=/\(x) = +VY1l—x?, —1<x<1, 
circle AB, Fig. 4. 
(8.22) sinh @=fo(x)= + 1<2°< 2x, 
hyperbolaBM, AM’, Fig. 4. 
(8.23) sinp 
parabola PAP”, Fig. 4. 
(8.3) Finally, as functions of parameter /, we have 
(8.31) cos 0=/,(0), CB; AC; Fig. 5. 
(8.32) cosh ¢=f2(¢), 0<@<~,CM; M’C; 


Fig. 5. 
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Fx) 


(8.33) DP; —« P’D; 


Fic. 5 


9. Relationships between the parameters 86, ¢, y. 


(9.1) It is well known that 
(9.11) cosh ¢=sec 0, O<0<2/2; 


and @ is called the gudermannian of x. In Fig. 6, 
since AM=(x—1), BM=(x+1), and M7T=tan 
x’—1=sinh?¢=tan’@, which is another form of (9.11). 
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FREEZING WATER IN VACUO 


Similarly, 
(9.12) cosp ~=sec 0, 
(9.12)’ cosp Y=cos 0, a, 


OBSERVATIONS ON THE FREEZING OF WATER IN 
VACUO AND THE UNCERTAINTY PRINCIPLE 


JuLtus SUMNER MILLER AND MARGARET B. LEHMAN 
El Camino College, El Camino College, California 


The freezing of water in a watch glass in vacuo is a classical and 
stirring demonstration. One of us has reported on it before.' A proper 
and adequate discussion of the phenomena that arise as evacuation 
proceeds and freezing ultimately ensues involves an astonishing array 
of physics. In nearly every case the sequence of events is the same: 
bubbles first appear, eruption at the surface takes place, a period of 
quiescence follows and then all of a sudden the freezing moves across 
the water as if a magical wand has touched it. It is all very dramatic. 
Invariably the ice is grayish and cloudy (due very likely to diffuse 
reflection) and an obvious crystal structure exists in the surface of the 
ice. These crystals are long, thin and spindle-like but not uniform in 
distribution or alignment. The mechanism of the freezing has invited 
our inquiry. The sweep of the freezing process across the water is diffi- 
cult to observe (it goes with such suddenness) and more difficult to 
understand. It occurred to us that if we placed something on the 
water surface the mechanism would be easier to follow visually. So 
in turn we placed on the water short lengths of fine straw and a drop 
of oil. The straws, we suggested, would orient themselves along the 
crystal lines and this rotation we might observe; the oil would pro- 
duce interference effects changes in which we could follow with proper 
illumination. With the straws the behavior was unlike anything 
heretofore observed. Bubbles gathered at the straws and vigorous 
agitation went on for an unusually long time. The water froze in a 
very confused and disorderly array but the ice was clear. There were 
no crystals. With the oil we were unable to bring about freezing. 

We submit these observations as a classical large-scale example of a 
more fundamental problem, causality and the principle of uncer- 
tainty. We need not be in the micro-regions of physical reality to dis- 
cover that the interaction between observer and object causes un- 
controllable and large changes in the system being observed, and that 
our instruments of observation produce changes in the phenomena 
we intend to observe so that the original phenomena are no longer 
observable. 

; Julius Sumner Miller, “Freezing Water by Evaporation—A Remarkable Situation.” Am. J. Physics, 18 
238 (1950). 
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ROBERT A, FERTIG 
Burlingame High School, Burlingame, California 


The quantity e (=2.718) occurs in engineering and science where 
growth (appreciation) or decay (depreciation) are involved: (a) the 
increase in numbers of bacteria in a favorable culture, (b) the increase 
in neutron flux in an atomic reactor being brought up to power, (c) 
the depreciation of a large factory, (d) the decay of radioactive ele- 
ments. Also (e) formulas representing the shape of electric power 
transmission lines, (f) the formulas for falling bodies when air resist- 
ance is not neglected, (g) the integral involving k/x in calculus. These 
are but a few of the many instances where the quantity e is en- 
countered. Tables exist for calculating e**, e+, etc. 

If we study how money “grows” when subject to the Compound 
Interest Law [3], particularly when the number of compounding 
intervals is high, we may be able to derive, understand, and apply 
the resulting general exponential formula A = Pe". 


Illus. 1. A principal sum of money P=1000$ is loaned at a rental 
rate r=(6$ per 100$) per yr., i.e.: .06/yr. If interest is figured annu- 
ally, and allowed to accumulate (compound), (a) calculate A,, A», As, 
etc. (subscripts indicate end of yrs. !=1, 2, 3, etc.) (b) derive for- 
mulas. 


Solution: 
la) A:=1000$+ 1000$ X .06, yr. X1 yr. = 1000$+ 60$ = 1060$ 
A»=1060$+ 10608 X .06 yr.X1 yr. = 1060$+ = 1123.608 
(Verify) 
As=1123.60$+ = 1191.028 
(Verify) 
Ay= = 1262.48$ 
(Verify) 


1b) Derivation of formula: 

A,=P+Pr=P(1+r)! 

A,= = P(1+r)? 

As= P(i+r)?+ P(i+r)*r= =P(1+r)* 

A,= = P(1+r)' 
check: A,= 1000(1+.06)*; log A,=log 1000+-4 log 1.06= 3+ 4(.0253) 
= 3.1012. Therefore A,=1262($) 


Most things do NOT grow by big yearly jumps. Small growth incre- 
ments occur hour by hour, or smaller increments minute by minute, 
etc. Money might also grow in this fashion. 
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Illus. 2. See illus. 1, but figure interest every 3 months, i.e.: the 
number of intervals per year is k=4. The subscripts A1, A2, As, etc., 
now indicate the amounts at the end of compounding intervals 1, 2, 3, 
etc. At the end of 1 yr. there would be & intervals; at the end of ¢ 
yrs. there would be &¢ intervals. (a) Calculate Ai, As, As, etc., (b) 
derive the general formula. 

Solution: 

1 yr. 


OK 
yr. 


Verify: 1030.23$; As=1045.68$; A,= 1061.36$ 


If compound interest is figured monthly, k=12. Theoretically it 
could be figured for & equal to any larger value and we could ‘‘see”’ 
the money growing (the increments becoming less abrupt than for 
k=1), growing like crystals in a chemical solution, bacteria in a 
favorable culture, current in an electrical circuit containing induct- 
ance, etc. 


Illus. 3. Derive formula for k compounding intervals per year. 


Solution: 
As= =P(i+r - 
Verify A, of illus. 2) 44=1000(1+.06/4)*"'. Use Vega Tables, page 6. 
If the number of compounding intervals during a specified time 
(yrs., hrs., min., etc.) becomes large, we can simplify the formula. 
Given: Ay,= P(.1+9r/k)*; let r/k=1/s, then k=rz (Note: if k 
doubles, doubles, etc.). Therefore A= P(1+1/2)"!= 
Investigate (1+1,2)* as s=1, 10, 100, 1000, 10000, etc. 
s=1: (14+1/1)'=2'=2.00 
s= 10: - - - 10 log 1.1=log? 
= (1.01)!°°= 2.70 10(.0414) = 
= (1.001) 1° = 2.717 .414=log? 
s= 10000: =2.718 
Use Vega Tables and verify last two values. 


As s— it can be shown that (1+1/z2)'-+2.71828183 - - - =e 


on 
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If any growth follows the C.I.L. and & is very large, the formula 
becomes: A = P[(1+1/z)*]"*= Ple]” 


GROWTH: A= Per! 
DECAY: A=Pe- 


Illus. 4. If the number of bacteria in a favorable culture at time !=0 
was P=1000 and the rate of growth was 6%/hour, then calculate 
(a) the quantity of bacteria A at time ¢=8 hours; (b) when there will 
be 2000, 4000, 8000, etc., bacteria. 


Solution: 
A= Pe't=1000e% (Note: at 1000=Pe°=P). Use Mathe- 
matics Tables by Hodgman, page 176, column 2: 
x er a) A=1000(1.6161) 
A=1616 bacteria 


b) 2000 = 1000e-% 


let .06¢=x 
.69 1.9937 2=e7; x= .69= .06? 
1.39 4.0149 therefore ¢=11.55 hours 
2.09 8.0045 4000 = 1000e:%* 


t= 23.10 hours (Verify) 
8000 = 1000e: °** 
t= 34.65 hours (Verify) 


Conclusion: It would appear that the number of bacteria in the cul- 
ture doubles every 11.55 hours. 


Illus. 5. The number of mg. of radium at time ‘=0 was A = 400. If the 
decay rate is r=4.1% per century, calculate (a) the quantity after 
4000 years (40 centuries); (b) when there will be 200 mg., 100 mg., 


50 mg., etc. 
Solution: 
x a) A=400e~-° = 400¢-'- 
A=77.6mg 
1.64 .1940 
x oe b) 200=400e—-""* 
let .041/=x 
0.69 .5016 5=e* 
1.39 .2491 x= .69= .0414 
2.08 .1249 t=16.9 centuries 


100 = 

t= 34 centuries (Verify) 
50 = 

t=51 centuries (Verify) 


: 
48 1.6161 
x 


e 151 


Conclusion: It would appear that the half-life of Radium is 1690 
years. 


If we graph these growth and decay curves on “‘semi-log’’ paper, 
shown in Figs. 1 and 2, we get straight lines! Use a 5” slide rule, 
scale B; make your own semi-log paper; graph and verify [1, 2]. 


A (number of bacteria) 


4 


t (hrs) 


~ t (centuries) 
20 30 4o 


Fic. 1 


In other applications of e: if we include air-resistance in our verti- 
cally falling objects discussion, the formulas become: 


s=(V?/g) In cosh gt/V 
v=V tanh gt/V 


where cosh x= }(e*+e~*). V is the object’s terminal velocity [1]. 


5000 
10 20 30 40 
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400 
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mg. 


+ (hrs ) 
(centunes) 
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REFERENCES 
1. Fundamentals of College Math, by Brixey (pp. 163-167; 433-437). 
2. Introduction to Mathematical Analysis, by Griffin (pp. 207-213; 2. 
3. Essentials of Algebra, 2nd course, by Hart (p. 314). 
4. Intermediate Algebra, by Shute (pp. 347-349). 


HIGH SCHOOL TEACHERS TO STUDY BY COLOR TY 

A group of high school mathematics teachers will go to school via color TV. 

A University of Maryland course in calculus entitled ‘Foundations in Analy- 
sis’’ will be offered to the teachers in the first experimental use of color television 
to teach an academic subject. 

The course, which will extend throughout the academic year, carries with it 
three hours of graduate credit for those who successfully complete the 26 televised 
50-minute lectures and correlated classwork. 

Mathematics 184 in color will originate from the main color television studio 
at Walter Reed Army Medical Center and will be sent on closed-circuit to 
classrooms at Walter Reed and the National Institutes of Health, Bethesda, Md. 

The classroom experiment for inservice high school teachers was revealed 
here by the National Academy of Sciences and the National Research Council. 
It is being supported by a grant from the Fund for the Advancement of Education 
of the Ford Foundation. 
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PROBLEM DEPARTMENT 
CONDUCTED BY MARGARET F. WILLERDING 
San Diego State College, San Diego, Calif. 


This department aims to provide problems of varying degrees of difficulty which 
will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here proposed. 
Drawings to illustrate the problems should be well done in India ink. Problems and 
solutions will be credited to their authors. Each solution or porposed problem sent 
the Editor should have the author’s name introducing the problem or solution 
as on the following pages. 

The editor of the Department desires to serve his readers by making it interesting 
and helpful to them. Address suggestions and problems to Margaret F. Willerding, 
San Diego State College, San Diego, Calif. 


Note. Persons sending in solutions and submitting problems for solutions 
should observe the following instructions. 

1. Solutions should be in typed form, double spaced. 

2. Drawings in India ink should be on a separate page from the solution. 

3. Give the solution to the problem which you propose if you have one and 
also the source and any known references to it. 

4. In general when several solutions are correct, the one submitted in the 
best form will be used. 


LATE SOLUTIONS 
2574. Murra Klamkin, Lawrence, Mass. 
2582, 2586. WW. R. Talbot, Jefferson City, Mo. 
2566, 2579, 2580. C. W. Trigg, Los Angeles, Calif. 
2569. Proposed by J. W. Lindsey, Amarillo, Texas. 


If an iron sphere 4 inches in diameter is placed in a conic vessel which is full 
of water and whose altitude and diameter are each 5 inches, how much water 
will run over? 


Solution by Leon Bankoff, Los Angeles, Calif. 


Let AC denote the diameter of the circular base of the conical vessel; D the 
midpoint of AC; and DB the altitude of the cone. Let E denote the contact of 
the sphere with the line AB; O the center of the sphere; and F the intersection 
of the altitude and the sphere. 

By the similarity of triangles ABD and BOE, we have EB, EO= DB ‘AD=2. 
Hence EB=2EO=4. Then OB=2¥/5. It follows that OD=DB—OB=5—2y5 
and DF=7—2¥5. 

Substitution of appropriate values in the formula V = (w/3)(DF*)(3EO— DF) 
yields the solution, approximately 7.392% cubic inches, as the amount of water 
that will run over. The approximate value of 7.392 cubic inches is 23.222 cubic 
inches. 

Epiror’s Note: Mr. Leon Bankoff sends the following comment and the 
corrected solution for Problem 2569 (November 1957, ScHoot SCIENCE AND 
MATHEMATICS). 

“In the solution to 2569 (ScHoot SCIENCE AND MATHEMATICS, November, 
1957) the statement is made, without proof, that “two and one-half inches of 
the sphere’s diameter is submerged.” There is no mathematical basis for this 
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assertion. As a consequence of a fallacious premise, the ensuing conclusion must 
of necessity be incorrect. 
“While intuition often plays an important role in directing an attack on a 
mathematical problem, it is hardly a substitute for Mathematics. 
“The above solution is offered to substantiate the foregoing remarks. 


2577. Proposed by Julius Sumner Miller, El Camino, Calif. 


A sphere of mass M and radius r rolls down a plane of ‘inclination @ in time ¢. 
The sphere is heated to T°C. In what time does it now roll down the plane? 


” 


Solution by C. W. Trigg, Los Angeles City College 
4Mv?+4]u?=M gh 
gh 
v?= 10gh/7 =10gs sin 6/7 


2s 
t=—=y/14s/5¢ sin 0. 
If heating the sphere doés not distort it but merely causes it to expand, and 
if the heat does not affect the plane nor the coefficient of friction, then the sphere 
will roll down in time #i, which is independent of r. 


2587. Proposed by Brother T. Brendan, St. Mary’s College, Calif. 


On page 392 of the Dover edition (1955) of the classical work, ‘‘Monographs 
of Topics in Modern Mathematics,” occurs this paragraph and figure, by the 
mathematician, David Eugene Smith, 


“, . Re (Rippocrates) proved that if semicircles be described upon the sides 
of an isosceles right triangle, as shown in the figure, the lune A will equal the 
triangle A’. The proposition is easily generalized for the scalene right triangle.” 


Check the geometrical assertions of this paragraph. 


Solution by C. W. Trigg, Los Angeles City College 


From the Figure: 


2 
A=A!+34(R sin 2¢)(R cos sin @)?— 


=A’+R?*[} sin 2¢ cos 26+ 4x sin? ¢—¢]. 


Hence A=4A’ only when the expression in brackets vanishes, that is, when 
o =7/4 and the right triangle is isosceles. 

Solutions were also offered by Leon Bankoff, Los Angeles, Calif., and the 
proposer. 


2588. Proposed by Julian H. Braun, San Diego, Calif. 
Solve sin @ sin 20=sin 0/2 sin ” for all values of 8 between 0° and 180°, 


Solution by Charles R. Berndtson, Lawrence, Mass. 
Solve 


F 
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2 
—2 sin 6 sin 20=cos 60—cos 50 
—4 sin? cos @=32 cos*® 6—48 cost 6+18 cos 
—1—16 cos’ 6+20 cos? cos @ 
—4+ cos 0+4 cos’ 
=32 cos’ @—16 cos’ cos' 04+-16 cos*® 04-18 cos? 6—cos 
0=(cos @—1)(32 cos’ +16 cos! @—32 cos* cos? cos 
0=(cos 8—1)(cos 6+ 4)(32 cost @—32 cos? 0+2) 
0=(cos 6—1)(cos 6+-4)(4 cos 40—2) 


sin sin 26=sin sin 


cos 6=1 
cos @= —} 


cos 49=} 


Solutions were also offered by Oliver Shannon, Pine Bluff, Ark.; C. W. Trigg, 
Los Angeles, Calif.; and the proposer. 


2589. Proposed by Cecil B. Read, Wichita, Kans. 

A square is divided into 16 equal squares by horizontal and vertical lines. There 
are available 16 counters, four each of white, black, red, and yellow. In how many 
ways can the counters be placed on the squares, a counter to each square, without 
having the same color in the same vertical or horizontal row? 


Solution by Julian H. Braun, San Diego, Calif. 
Let the colors be A, B, C, D in some order. The following 24 arrangements 
represent all permutations of the letters meeting the required conditions with 
the restriction that the first column be ABCD: 


ABCD ABDC ADCB ACBD 
BADC BACD BADC BADC 
CDAB CDAB CBAD CDAB 
DCBA DCBA DCBA DBCA 


ABCD ABDC ADBC ACDB 
BADC BACD BACD BACD 
CDBA CDBA CBDA CDBA 
DCAB DCAB DCAB DBAC 


ABCD ACBD ADBC ACDB 
BDAC BDAC BCAD BDAC 
CADB CADB CADB CABD 
DCBA DBCA DBCA DBCA 


ABDC ACBD ACDB ADCB 
BDCA BDCA BDCA BCDA 
CABD CADB CABD CABD 
DCAB DBAC DBAC DBAC 


ABDC ACBD ADBC ADCB 
BCAD BDAC BCAD BCAD 
CDBA CBDA CBDA CBDA 
DACB DACB DACB DABC 
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ABCD ADBC ACDB ADCB 
BCDA BCDA BDCA BCDA 
CDAB CBAD CBAD CBAD 
DABC DACB DABC DA BC 


Since A can be any of 4 colors, B any of the 3 remaining, C any of the 2 remaining, 
and D the last remaining color, it follows that the number of different color 
arrangements is 


4-3-2-1-24=576. 


Solutions were also offered by C. W. Trigg, Los Angeles, Calif.; and the 
proposer. 


2590. Proposed by Brother Felix John, Philadelphia, Pa. 
Show that the roots of the equation 
— 


are in proportion. 


Solution by Leon Bankoff, Los Angeles, Calif. 


Let a,b,c,d denote the four roots, and let ab=ked. 
By elementary Theory of Equations, 
p=at+b+c+d (1) 
r=ab(c+d)+cd(a+b) =ked(c+d)+cd(a+6) (2) 
r?/p?= abed = k*c*d? 


r=kedp=kcd(a+b) +ked(c+d) 


By (2) and (3), 


ked(a+b) =cd(a+b) 


Hencé k=1 and it follows that ab=cd, or a/c=d/b. 
Solutions were also offered by Julian H. Braun, San Diego, Calif.; W. R. 
Talbot, Jefferson City, Mo.; C. W. Trigg, Los Angeles, Calif.; and the proposer. 


2591. Proposed by L. M. Ridder, Exeter, N. H. 
Given 0, define both 1 and 2. 
I. Solution by Brother T. Brendan, Saint Mary’s College, Cali/. 


Prof. A. P. Morse of the University of California, Berkeley, has worked out a 
system in which 


0=the empty set; 
1=the set whose only element is 0; 

2=the set whose elements are 0 and 1 only; 


II. Solution by Robert Butler, San Diego, Calif 
0!=1 and 0!+0!=2 

ProorF. Since »!=(n—1)!m is true for all positive values of m we can use this 

relation to define 0! Thus, when m=1 we have 1!=0!-1. Whence it follows that 


if this relation is to be consistent 0!=1 and 0!+0!=2. 
A solution was also submitted by W. R. Talbot, Jefferson City, Mo. 


2592. Proposed by A. R. Haynes, Tacoma, Wash, 


How far from the wall éf a house must a man, whose eye is 5 ft. from the 
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ground, stand so that a window, 5 ft. high with its sill 9 ft. from the ground, 
may subtend the greater arc? ; 


Solution by W. R. Talbot, Jefferson City, Mo. 


The bottom of the window is 4 ft. above eye level and the top is 9 ft. above. 
If x is the distance from the eye to the wall, the distances from the eye to the 


bottom and top are respectively \/(16+27) and ,/(81+22). With @ as the angle 
subtended at the eye, the Law of Cosines gives 


@=arc cos 
\ 
where 
K = (16+-2x*) (81 4-2x*) = 13964-97x?+-24. 

Then 

dé —\K 297x422) 

Setting d6/dx=0 gives 

x|2K — (364°) (97 +2x%) |=0 


x(x?—36)=0. 


The maximum angle is subtended when the eye is 6 feet from the wall. 
Solutions were also offered by Leon Bankoff, Los Angeles, Calif.; Julian H. 
Braun, San Diego, Calif.; Brother T. Brendan, St. Mary’s College, Calif.; 


W. W. Johnson, Cleveland, Ohio; O. T. Shannon, Pine Bluff, Ark.; and C. W. 
Trigg, Los Angeles, Calif.; and the proposer. 
STUDENT HONOR ROLL 


The Editor will be very happy to make special mention of classes, clubs, 
or individual students who offer solutions to problems submitted in this de- 
partment. Teachers are urged to report to the Editor such solutions. 

Editor’s Note: For a time each student contributor will receive a copy of 
the magazine in which his name appears. 

For this issue the Honor Roll appears below. 


2582. Tom Beardshall, Mt. Lebanon High School, Pittsburgh, Pa. 
PROBLEMS FOR SOLUTION 
2605. Proposed by C. W. Trigg, Los Angeles City College, Los Angeles, Calif. 


Show that the area of an acute triangle is equal to }RP where R is the radius 
of the circumcircle and P is the perimeter of the pedal triangle of the ortho- 
center. 


2606. Proposed by L. M. Ridder, Exeter, N. H. 
Solve for x: 

a) =a 

b) 


Evaluate: 
f 


2607. Proposed by Brother Felix John, Philadelphia, Pa. 
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Find general formulas to express two positive integers which are such that 
the result obtained by adding their product to the sum of their squares is a 
perfect square. 


2608. Proposed by James Schmerl, Piedmont, Calif. 


In a triangle ABC, in which the sides are known to be a, 4, c, what is the 
length of a line drawn from A terminating on line BC at D in such a way that 
triangle A BD equals the circle inscribed in A DC? 


2609. Proposed by Cecil B. Read, Wichita, Kans. 

A man cashes a check at the bank. By mistake the teller pays him the number 
of cents as dollars and the number of dollars as cents. The man spends $3.50 
before he notices the mistake, then when he counts his money he finds he has 
left exactly double the amount of the check. For what amount was the check 
drawn? 


2610. Proposed by A. Elliott, San Diego, Calif. 


Given 12 balls, 11 of which are identical and one of which is either lighter or 
heavier than the others. Find the odd ball and determine whether it is light 
or heavy using only 3 weighings on a simple balance. 


BOOKS AND TEACHING AIDS RECEIVED 

THE WONDERWORLD OF SCIENCE FILMstrips, Book 5, Prepared by Harry 
Milgrom, Supervisor of Science, New York City Elementary Schools; Produced by 
David J. Goodman, Ph.D. Twelve filmstrips: ‘Soil for Plants,” ‘‘Nongreen 
Plants,” “Keeping Correct Time,” “Exploring the Rocks Around Us,” ‘“Ex- 
ploring Matter,” “Air, Our Ever-Present Servant,” ““‘Why Winds Blow,” “Why 
an Airplane Flies,” ‘How Did Our Solar System Begin?” ‘‘Natural and Man- 
Made Moons,” “What Will Hatch from that Egg?” and ‘Mineral Riches of 
America.’”’ All in full color with accompanying Teacher’s Guide. Charles Scrib- 
ner’s Sons, Educational Department, 597 5th Avenue, New York 17, N. Y. 
Price $36.00. 


THE WONDERWORLD OF SCIENCE Fit_mstrips, Book 6, Prepared by Harry 
Milgrom, Supervisor of Science, New York City Elementary Schools. Twelve 
filmstrips: “New and Old Ways of Preserving Food,” “‘Let’s Build a Weather 
Station,” “Exploring Storms,” “Exploring Magnetism,” “Electromagnetism at 
Work,” “Producing Electricity,” ‘Electricity at Home,” ‘‘Making Music with 
Wind and String,” “Exploring the Sky,” ‘Sunset and Eclipse,” ‘‘The Doctor 
Examines You,” ‘‘Weapons Against Disease.’ All in full color with accompanying 
Teacher’s Guide. Charles Scribner’s Sons, Educational Department, 597 5th 
Avenue, New York 17, N. Y. Price $36.00. 


THE WONDERWORLD OF SCIENCE Fi_MstrIPs, Book 7, Prepared by Morris 
Meister, Ph.D., and Alexander Joseph, Ed.D. Twelve filmstrips (six pair): 
An Invisible Ocean—Part A, “Exploring the Air,’ Part B, “Putting Air to 
Work”; Good Water to Drink—Part A, “Exploring Water Sources,” Part B, 
“Purifying Drinking Water”; Food in the Body—Part A, “Investigating Nu- 
trients,”’ Part B, ‘Using Nutrients’; The Sun and the Earth—Part A, “‘Explor- 
ing the Sun,” Part B, “The Sun at Work”; Changing Weather—Part A, “Ex- 
ploring Weather Fronts,” Part B, ““What Weather Fronts Bring”; Co-operation 
Among Plants and Animals—Part A, “Helpful Plants and Animals,” Part B, 
“Protecting Plants and Animals.” All in full color with accompanying Teacher's 
Guides. Charles Scribner’s Sons, Educational Department, 597 5th Avenue, 
New York 17, N. Y. Price $36.00. 


THE WONDERWORLD OF SCIENCE FILMstrIPs, Book 8, Prepared by Morris 
Meister, Ph.D., and Alexander Joseph, Ed.D. Twelve filmstrips (six pair): Our 
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Neighbors in Space—Part A, “‘Pathways to the Planets,” Part B, “Space Ships 
to the Planets’; The Changing Face of the Earth—Part A, ‘‘How the Earth’s 
Surface Changes,’”’ Part B, ‘Demonstrating Changes in the Earth’s Surface’’; 
How New Plants are Produced—Part A, “Plant Families,’ Part B, “Growing 
New Plants’’; Moving Things from Place to Place—Part A, ‘‘Modern Engines,” 
Part B, “Putting Engines to Work”; Speaking and Hearing—Part A, “Sonic 
and Supersonic Sound,” Part B, ‘‘Putting Sound to Work’; Atomic Energy and 
Better Health—Part A, “‘Radioactive Atoms,” Part B, ‘Using Isotopes to Im- 
prove Health.”’ All in full color with accompanying Teacher’s Guides. Charles 
Scribner’s Sons, Educational Department, 597 5th Avenue, New York 17, N. Y. 
Price $36.00. 


GUIDE TO THE Microscope, by Arthur Beiser. Cloth. 121 pages. 13.520 cm. 
1957. E. P. Dutton and Co., 300 4th Avenue, New York 10, N. Y. Price $3.25. 


Tue Space ENCYCLOPAEDIA, edited by M. T. Bizony. Cloth. 287 pages. 
16.5X24 cm. 1957. E. P. Dutton and Co., 300 4th Avenue, New York 10, N. Y. 
Price $6.95. 


RECEIVING AERIAL Systems, by I. A. Davidson. Cloth. Pages vii+152. 12 
18.5 cm. 1957. Philosophical Library, Inc., 15 E. 40th Street, New York 16, 
N. Y. Price $4.75. 


New FRonTIERS OF KNOWLEDGE, A Symposium by distinguished writers, 
notable scholars, and public figures. Cloth. Pages x+125. 15X23 cm. 1957. 
Public Affairs Press, 419 New Jersey Ave., S.E., Washington 3, D. C. Price 
$2.75. 

AN ANALYTICAL CALCULUS FOR SCHOOL AND UNIvERsITY, Vol. IV, by E. A. 
Maxwell, Fellow of Queens’ College, Cambridge. Cloth. Pages ix+288. 13.5X21.5 
cm. 1957. Cambridge University Press, American Branch, 32 E. 57th Street, 
New York 22, N. Y. Price $4.00. 


LITERAL NUMBERS, EQUATIONS, FUNCTIONS WITH PRACTICAL APPLICATIONS, 
AND Direct READING TaBLEs, by Robert L. Erickson, Associate Professor of 
Mathematics, Lakeland College, Sheboygan, Wisconsin. Paper. Pages 24+ 232. 
1522.5 cm. 1957. Published by Robert L. Erickson. Price $1.35. 


ERICKSON’s NuMBERS CaRD GAME, by Robert L. Erickson, Lakeland College 
Sheboygan, Wisconsin. (A set of number cards for teaching arithmetic concepts. 
accompanied by a description of and directions for the game). 


IMPROVING THE ARITHMETIC PROGRAM, by Leo J. Brueckner. Paper. Pages 
vii+120. 14X21 cm. 1957. Appleton-Century-Crofts, Inc., 35 W. 32nd Street, 
New York 1, N. Y. Price $1.25. 


MATHEMATICS PoweR Test SERIES, Junior High to College Freshman, by 
FE. A. Habel, 741 W. Mallory, Pensacola, Florida. Copy free on request. 


VocaATIONAL EpucaTION IN A REVOLUTION, by George L. Brandon, 
Department of Vocational Education, Michigan State University. Paper. 37 pages. 
15X23 cm. 1957. College of Education, Michigan,State University, East Lansing, 
Michigan. Price $.85. 


Course OFFERINGS, SUBJECT ENROLLMENTS, SIZE AND CURRENT EXPENDI- 
TURES FOR NEBRASKA HiGu Scuoots, by J. Galen Saylor, Chairman, Department 
of Secondary Education, University of Nebraska. Paper. 58 pages. 14.5X23 cm. 
1957. Teachers College, University of Nebraska, Lincoln, Nebr. 
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Livinc CHEMISTRY, Second Revised Edition, by Maurice R. Ahrens, Professer 
of Education, University of Florida; Norris F. Bush, Director of Special Educa 
lion and Pupil Personnel, Denver; and Ray K. Easley, Principal, Westwood 
School, Denver. Cloth. Pages viii+582. 2125.5 cm. 1957. Ginn and Company, 
Statler Building, Boston 17, Mass. Price $5.28. 


This is a revsion of a high school chemistry text which first appeared in 1942 
and which at that time seemed to be strikingly different from the current text 
books in high school chemistry. It was different in that after first having a part 
which emphasized the fundamentals of chemistry, it then proceeded to take up 
such practical topics as ‘‘Chemistry of the Individual,” ‘Chemistry of the 
Home,” and finally ‘‘Chemistry of the Community.” 

The revised edition follows much the same pattern but~ has added matiy 
chemical developments of the past fifteen years. The authors say in their preface: 
“In this Second Revised Edition of Living Chemistry much of the original text 
material has been rewritten. Obsolete information has been deleted and the 
very latest research findings have been incorporated in almost every unit. 
Moreover, the authors have made many changes based upon suggestions re- 
ceived from the many teachers throughout the country who are using Living 
Chemistry. . . . The film aids listed in the appendix have been greatly expanded, 
including the addition of filmstrips and slides. Additional information on the 
halogens, phosphorus, carbon, silicon, and a number of important metals has 
been added.” One complete new unit, ‘““Nuclear Science in a Changing World,” 
has been added. 

Each page has a double column type of format. The print is excellent and each 
unit is well illustrated. Good unit exercises of the memory and thought type 
are found at the end of each chapter. The exercises are almost entirely of a pure 
descriptive type. The book could be strengthened if some quantitative exercises 
were included. For example in unit 25, ‘‘The Chemistry of Sanitation in the 
Home,”’ the process of soap making is discussed along with the balanced equation 
for the chemical reaction. A problem of this general type would be desirable: 
What weight of sodium hydroxide would be needed to convert 500 grams of fat 
(assume it to be tristearin) into soap? 

The book is well adapted to the cultural needs of young men and women 
and could also be used for a college preparatory course if it were supplemented 
by problems of a quantitative nature. 

GERALD OSBORN 
Western Michigan University 
Kalamazoo, Michigan 


Ernest Rutherford, Atom Pioneer, by John Rowland. Cloth. 160 pages. 11.5 18.5 
cm. 1957. Philosophical Library, Inc., 15 East 40th Street, New York 16, 
New York. Price $4.75. 

In 1908 Ernest Rutherford, an internationally known physicist, was given 
the Nobel Prize for Chemistry. There are other surprises in this story of a 
farmer-boy born in New Zealand, matured (scientifically) in Cambridge, Eng- 
land; lifted to world-wide recognition by his university service in Canada and 
finally welcomed back, as one of their own, by the British universities. 

The author of this biography frames his presentation in a sort of geographic 
pattern. First, ““New Zealand youth,” then ‘‘Cambridge” (place of internship 
and residency), followed by “Canada” (his first field of leadership) and finally 
“Back to England” (and twelve years at Manchester). Before becoming “‘Caven- 
dish Professor” there is a chapter on “War Years.” Three further chapters, 
centered about his years at Cambridge, are ‘‘Years of honour,” ‘The modern 
alchemist” and “Last years.” An “Epilogue” is the biographer’s attempt to 
project Rutherford’s studies in atomic structure into the era of nucleonics. 

This is an action-filled narrative of the achievements of a “Dominion Sci- 
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entist”’ whose life activities touched the far corners of the empire. His scientific 
findings were frequently news-worthy and at times rated bold headlines. 

There will be sustained reader-interest once he has begun the story. He may 
become impatient, as has this reviewer, with the author’s tendency to repeatedly 
put in “plugs” for Rutherford as ‘“‘a coming man,” “‘an inspiring professor,” “‘a 
brilliant careful worker,’ with “a superior brain,” and “quite clearly one of 
the great ones.”’ As if what Rutherford did had to be translated into a language 
of superlatives. 

Here is a book of convenient pocket-size; a fit traveling companion for the 
scientist, or interested lay-reader, as he takes off for a journey likely to have some 
dead-ends of time in its schedule. While its price may be a slight deterrent, once 
on the library shelves, student use would probably justify its purchase. 

B. HENDRICKS 
William Woods College 
Fulton, Missouri 


Economic Mope.s, AN Exposirion, by E. F. Beach, Professor of Economics, 
McGill University. Cloth. Pages xi+227. 15.524 cm. 1957. John Wiley and 
Sons, Inc., 440 Fourth Ave., New York 16, N. Y. Price $7.50. 


With reference to the great increase of mathematics in the development and 
application of economic theory, the author points out that many economists 
have a limited knowledge of mathematics, also that students have insufficient 
time to study mathematics while working on an advanced degree in economics. 
Without attempting to develop new theory, this text attempts to give the 
reader some grasp of mathematical economics. In the opinion of the reviewer, 
many readers with good foundation in economics will disagree that only some 
very elementary algebra is needed. In the first hundred pages, one encounters 
such concepts as partial derivatives, complex numbers, integration, differential 
and difference equations (for example, second-order nonhomogeneous differential 
equations with constant coefficients), theory of equations. On the other hand, 
the person with considerable mathematical background, but with little or no 
foundation in economics, may find the concepts in the field of economics equally 
difficult to follow. 

Since this by no means is a rigorous text in mathematics, it may be unfair 
to select topics or statements which appear unusual to the mathematician. How- 
ever, a few places might be mentioned: “‘. .. we may say that the mean of the 
population is likely to be within a range of two standard errors... .”” A range 
about what value? “. . . as we continue to compute, the numbers keep on coming, 
and never stop. This is characteristic of irrational numbers.” Might one imply 
from this that 0.333333 --- is irrational? 

Although the author states that Part II, dealing with statistical theory, 
especially regression and correlation, has a difficulty level higher than Part I, 
the reviewer found it much easier to follow. This may be because of insufficient 
background in economic theory. 

The text differs from some texts on mathematical economics in that it avoids 
(except for very minor details) matrices and determinants. It is on a less difficult 
level than some other books. For the mathematician who is interested in seeing 
applications in fields other than engineering or the physical sciences, this book 
may well be an eye-opener. Most of the chapters have several illustrative ex- 
ercises; the answers are unusually complete and detailed. In addition there are 
annotated reading lists. 

B. READ 
University of Wichita 
Wichita, Kansas 


VERTEBRATES OF THE UniTep States, by W. Frank Blair, Professor of Zoology, 
University of Texas, Albert P. Blair, Professor of Zoology, University of Tulsa, 
Pierce Brodkorb, Professor of Biological Sciences, University of Florida, Fred R. 
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Cagle, Professor of Zoology, Tulane University, and George A. Moore, Pro- 
fessor of Zoology, Oklahoma A. and M. College. Cloth. Pages ix+819. 17.524 
em. 1957. McGraw-Hill Book Company, Inc., New York. Price, $12.00. 


This book is a “must” for all students of vertebrate zoology, but seems too 
advanced for use in elementary and most secondary schools. The book is printed 
on glossy-finished paper in open face type that is quite readable. Following an 
introductory chapter that deals with chordate ancestry, vertebrate history, 
vertebrate characteristics, classification, nomenclature and distribution, there 
are five chapters, each devoted to one of the major groups of the vertebrates. 
The first chapter, by Moore, is on fishes and cyclostomes; the second, by A. P. 
Blair, deals with amphibians. Reptiles are treated by Cagle, birds by Brodkorb, 
and the terminal chapter on mammals is by W. F. Blair. At the end of each of 
the chapters is a rather comprehensive bibliography. In addition, there is a short 
glossary of terms used in the book, and an excellent index. 

Each of the chapters, excepting the introduction, includes a brief description 
of the differential characters used in the taxonomic keys that follow. These 
keys are to each of the taxa, to and including species. The keys represent a long- 
needed contribution in the field of ichthyology and should be welcomed by all 
interested in fresh-water fishes of the United States. Each species of vertebrate 
is briefly, but adequately, characterized. In addition, other bits of information 
are included, principally concerning sexual dimorphism, if any, geographic range 
of each species (extraterritorial limits are included when applicable), and in- 
teresting information concerning life history and ecology. 

Unfortunately the illustrations do not live up to the text—many of the line 
drawings are poorly done, and some of the reproductions of illustrations from 
other publications are of poor quality. Scales of linear dimensions are totally 
lacking in the illustrations. These criticisms are, however, minor and do not 
detract appreciably from the over-all excellence of the book. 

THANE S. ROBINSON 
Department of Biology 
Western Michigan U niversily 
Kalamazoo, Michigan 


PARALYTIC POLIO CASES DOWN 80% IN TWO YEARS 
An 80% drop in paralytic polio cases over the past two years was reported by 
Marion B. Folsom, Secretary of Health, Education and Welfare. 
With the Salk polio vaccine now available, this type of polio can be given a 
“knockout” blow within the next year, if people will use it. 


NEW ULTRAVIOLET LAMP KILLS FLU BUG AT HOME 


A new ultraviolet lamp that can be inserted in a heating or air conditioning 
duct and kills 80% of airborne virus and bacteria in the home was reported by 
the Westinghouse lamp division. 

The lamp is particularly good for killing the flu virus and has been designed 
for use in homes, schools and offices. 

Similar type ultraviolet lamps are being used by manufacturers of polio and 
Asian flu vaccines to kill the active virus before making it into a vaccine. 

The new type of Sterilamp produces radiation that is up to 1,000 times more 
effective in killing microorganisms than an equal amount of ultraviolet radiation 
from the sun. 

Similar lamps have been used for many years in operating rooms to prevent 
infections during operations. 

The Sterilamp tube can be installed in most homes in a few minutes and will 
be optional equipment with some furnaces and air conditioners next year. 


UNIVERSITY OF MARYLAND STUDY OF JUNIOR 
HIGH SCHOOL MATHEMATICS 


In July, the University of Maryland received the first installment of a grant 
of $66,000 from the Carnegie Corporation of New York for a three-year experi- 
mental study of Junior High School Mathematics. The grant will be administered 
by the College of Education. John R. Mayor, Director of Education of the 
American Association for the Advancement of Science, and recently appointed 
Professor of Mathematics and Education (part-time) at Maryland, will serve 
as director of the study. The Associate Director will be Doctor M. L. Keedy, 
formerly of the University of Nebraska. 

It is proposed that the Maryland study be developed with the cooperation of 
junior high schools in the District of Columbia; Prince Georges and Montgomery 
Counties, Maryland; Arlington County, Virginia; and other school systems in 
Maryland. The study will be under the direction of an Advisory Committee 
representing the Department of Mathematics, College of Education, College of 
Engineering, and other interested staff members of the University of Maryland. 
Representatives of cooperating school systems will be invited to serve on the 
Advisory Committee. 

Little or no attention has been given to the mathematics of grades seven and 
eight by mathematicians and psychologists since the 1923 report, sponsored by 
the Mathematical Association of America, entitled “‘The Reorganization of 
Mathematics in Secondary Education.” This report was widely influential and 
is in considerable part responsible for the junior high school mathematics courses 
we find in 1957. The concern of scientists about junior high school mathematics 
is shared by a great many mathematics teachers at this level, as well as in senior 
high school and college. Many believe that the mathematics curriculum, in 
grades seven and eight especially, is inadequate to meet modern needs. It is 
often stated that lack of interest in mathematics and science in senior high school 
and college may be due largely to unhappy experiences in junior high school 
mathematics. 

The goal of the Maryland program is to prepare materials and test them in 
junior high school classroom situations in an attempt to determine appropriate 
age levels at which certain mature mathematical concepts could be appropriately 
taught, and whether these materials contribute more effectively to the goals of 
general education and to greater aptitude for and interest in the study of sec- 
ondary-school mathematics and science. 

During the first year of the study, cooperating teachers will register for a 
seminar course in mathematics education. This course will treat the mathematical 
background needed by the teachers and learning theory which would be appro- 
priate for selection of materials, and teaching them, at the seventh and eighth 
grade levels. A number of units will be prepared during the first semester and 
tried out in junior high school classes as early as the second semester of the 
first year of the study. In the second semester, the lectures on mathematics and 
psychology will be continued, but more time of the seminar will be devoted to 
the preparation of materials and discussion of the experimental units. During 
the second semester and summer term, a syllabus for the experimental course 
to be taught in grade seven and at least the first semester of an eighth-grade 
course will be developed for use during the second year, and with needed revision 
during the third year, of the study. 

In addition to the teaching of the experimental courses during the second and 
third years of the study, it is planned that the seminar will be continued on a 
basis similar to that in the second semester of the first year. Appropriate testing 
materials would be developed. Continuous revision of materials and testing 
would be carried on under the direction of the Advisory Committee. At the end 
of the study, a final report will embody a report of experimentation, course 
materials, and recommendations. The final report and progress reports during 
the three years would be made available to curriculum planning groups through- 
out the country. 
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The plan of the study is somewhat similar to that of the University of Illinois 
Committee on School Mathematics which is concerned with the mathematics ol 
grades nine through twelve. The proposed Maryland project will provide im 
portant support to the many current activities directed toward the improvement 
of instruction in mathematics including not only the Illinois program, but also 
those of the College Entrance Examination Board Commission on Mathematics 
and the Mathematical Association of America Committee on the Undergraduate 
Program. 


SUMMER FELLOWSHIPS FOR MATHEMATICS TEACHERS 


Fifty all expense summer fellowships for junior and senior high school teachers 
of mathematics will be awarded by the Department of Mathematics and Sta- 
tistics of Purdue University. These fellowships were made available through 
a grant by the General Electric Educational and Charitable Fund. The courses 
in the six-week program—June 23 to August 2, 1958—carry eight semester 
hours of graduate credit and have been specifically designed to increase the 
teachers’ breadth and depth of knowledge of mathematics in areas relavent to 
the courses they teach. This program is especially for the classroom teacher so 
that in making the awards, consideration will be given to potential leadership 
as a teacher and counsellor, and interest in professional improvement. To 
qualify, teachers must have a bachelor’s degree, completed a course in calculus, 
and teach in Illinois, Indiana, lowa, Kentucky, Michigan, Minnesota, Missouri, 
Ohio, Tennessee, West Virginia, or Wisconsin. For further information write 


Purdue-General Electric Fellowship Program 
Department of Mathematics and Statistics 
Purdue University 

Lafayette, Indiana 


SECRET OF ASPIRIN’S ACTION IS REVEALED 

Aspirin, the most familiar drug in mankind’s medicine chest, goes to work 
when the pituitary gland changes it into an oxidized compound known as 
gentisic acid. 

These are the findings of Prof. John E. Christian and Ph.D. candidate Ross 
Crabtree of the Purdue University School of Pharmacy. 

The researchers knew that gentisic acid has the same effect as aspirin, minus 
aspirin’s toxicity. They also knew that rheumatic fever patients and others 
who take large doses of aspirin excrete more gentisic acid than normal people 
do. They devised an experiment to discover whether gentisic acid is a breakdown 
product of aspirin and where this process takes place. 

First they induced fever in rats by feeding them a peptone solution. Then 
they injected carbon-14-labeled aspirin into the rats. Forty-five minutes later 
they analyzed the rats’ blood, lungs, adrenal and pituitary glands—the places 
where aspirin accumulates, according to earlier experiments under Prof. Chris- 
tian’s direction. 

In the pituitary, the body’s ‘master gland,” they found gentisic acid. It was 
labeled with carbon-14. In none of the other organs in which aspirin accumulates 
was this combination found. 

Gentisic acid is an oxidized product of acetylsalicylic acid (aspirin). It is less 
toxic than aspirin because of the addition of a hydroxyl group. 

The pituitary gland contains large amounts of vitamin C, which is an oxidizing 
agent. Further, the pituitary is the next-door neighbor of the body’s heat control 
center in the posterior portion of the brain, the hypothalamus. 

These findings lead the Purdue researchers to believe that a modified gentisic 
acid molecule might prove even more useful and safe than aspirin itself. 


Preparation of Manuscripts 
for Publication in 
School Science and Mathematics 


Many articles come to our editorial office before they have been 
put in condition for our use and hence must be rejected. The spelling, 
punctuation, sentence structure, and all mechanics of the manuscript 
should be correct before it is submitted. Do not count on making 
such corrections when you receive the galley proof. All changes in 
proof mean extra expense. This journal is not endowed and all ex- 
penses must be paid out of receipts from subscriptions and advertis- 
ing. It is a cooperative enterprise. Make your original manuscript 
exactly right and perfectly clear. 


Papers for publication should be sent to George G. Mallinson, 
Editor, 535 Kendall, Kalamazoo, Mich. Return postage should 
be included if the manuscript is to be returned if rejected. 


Manuscripts submitted should not have been published elsewhere. 
They should be original typewritten copies, double or triple-spaced 
with wide margins on 814” x 11” paper. 


References and footnotes should be numbered consecutively 
throughout the article and indicated by superior numbers. The refer- 
ence or footnote should be set off by rules and placed immediately 
below the citation. 


Bibliography should be given thus: 
FRANKLIN, G. T. “Analysis in First Year Chemistry,” Journal of 
Chemical Education, 7, pp. 361-364, February, 1930. 


Drawings should be made on good quality white paper in black 
India ink. Letters, numbers, etc., which cannot be set in type at the 
margin of the cut must constitute a part of the drawing. They should 
be proportioned to insure legibility in the cut. Illustrations to appear 
as full page productions should be proportioned suitable for a 4” x 7” 
page. 

Tabular Material should be proportioned to suit page width. All 
tables should be double ruled at the top just below table number and 
heading; use single rulings for columns, sub-divisions and bottom. 
References to illustrations and tables should be by number, as “see 
Fig. 3,” and not to position, as “the following table.” It may not be 
possible to set the drawing or table at a specific position with respect 
to the discussion. 


Reprints are supplied only when ordered and at approximate prices 
quoted on Reprint Order Card which will be sent you with galley 
proof. Orders for less than one hundred reprints cannot be accepted. 


Read galley proof as soon as received, indicate corrections 
clearly in pencil and return to the Editor immediately. 
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: Just off the press— 


New 1958 Edition of a modern physics text emphasizing latest ad- 
vances to meet today’s urgent science needs— 


PHYSICS FOR OUR TIMES 
1958 Edition 
By Marburger and Hoffman 


This modern physics text, brought completely up to date, pre- 
sents the revolutionary advances in physics that have taken place 
during recent months. It contains newest information on such 


up-to-the-minute topics as: 


® nuclear power plants 

® guided missiles 

© the first artificial satellite 

® high-fidelity sound reproduction 
* nuclear batteries 

© jet stream 


® electronics in everyday living 


The new 1958 Edition also provides 20 sidelights dealing with 
26 topics of outstanding importance today, an 8-page trans- 
vision—"A Nuclear Power Plant,’ additional problems for 
gifted students, 20 numerical tables, and a glossary of 465 


physical terms used in the text. 


Write for detailed information on this new, up-to-the-minute textbook 


McGRAW-HILL BOOK COMPANY 


New York 36 Chicago 30 Dallas 2 San Francisco 4 
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School Science and Mathematics 


—a journal devoted to the improvement of teaching of the 
sciences and mathematics at all grade levels. 

—nine issues per year, reaching readers during each of the 
usual school months, September through May. 

—owned by The Central Association of Science and Mathe- 
matics Teachers, Inc., edited and managed by teachers. 


SUBSCRIPTIONS—$4.50 per year, nine issues, school year or calendar year. 
Foreign $5.00. No numbers published for July, August, September. 


BACK NUMBERS—available for purchase, more recent issues 75¢ per copy prepaid 
with order. Write for prices on complete annual volumes or sets. Consult annual 
index in December issues, or Educational Index to Periodicals, for listings of 
articles. 


The following interesting topics are discussed in issues of 1956: 


Science Stories for Children—Magnetism—Demonstrations in Physics—Remedial 
Arithmetic—Elementary School Science Library—Recent Research in Science Edu- 
cation—Informal Geometry—Nomographs—The Circles Relating to a Triangle— 
The Relative Effectiveness of Group Instruction—Parallelograms with Integer 
Sides and Diagonals. 


USEFUL REPRINTS—lorders for reprints must be prepaid) 


Atomic Energy: A Science Assembly Lecture, Illustrated 
Mock Trial of B versus A—A play for the Mathematics Club 
100 Topics in Mathematics—for Programs or Recreation 
Poison War Gases 

Mathematics Problems From Atomic Science 

The Mathematics of Gambling 

Computations With Approximate Numbers 

The Radical Dream—A Mathematical Play for Puppets 
How Water Serves Man. A teaching unit 

Won by a Nose. A Chemistry play 

Radioactive Isotopes: A Science Assembly Lecture, illustrated 
Kem: Two Games for Chemistry Classes 

Modern Periodic Arrangements of the Elements; illustrated 
Ion Visits the Realm of Air. A Play 

The King of Plants. A play for science clubs 

Three Families of Great Scientists: dramatized 

Some Lessons About Bees. A 32-page booklet; illustrated 
The Triumph of Science. A play for auditorium programs 
In Quest of Truth. A play in two parts 

A Student’s Approach to Mechanics 

Apparatus for Demonstrating the Fundamentals of Radio 
Youth Opens the Door to Cancer Control, bibliographies 
Vitalizing Chemistry Teaching. A Unit on the Halogens 

A Scientific Assembly Program, Wonders of Science 

What Is Scientific Method? ................. 
Elementary School Science Library 

Projection Demonstrations in General Science 

Atomic Energy—A Play in Three Scenes 

Motion Pictures for Elementary Science 


SCHOOL SCIENCE AND MATHEMATICS 
Price $4.50—Foreign $5.00 
P.O. Box 408 Oak Park, Ill. 
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Wilkens-Anderson has earned its 
place as specialist in Apparatus for 
Semi-Micro chemistry . . . through 
the years authors have looked to us 
for the pieces which made their 
Semi-Micro text books and manuals 
so successful and easy to use! Seven 
text books now show WACO S-M 
apparatus! 


HAND FINISHED 
SPATULAS 


Perfectly shaped spatulas for 


WEISBRUCH-WACO 


Reagent Bottle Tray 


According to SEMI-MICRO LABORA- 
TORY EXERCISES In High School Chem- 
istry, by Fred T. Weisbruch. 


Holds complete set of student reagents in 
WACO Reagent Bottles, in rows. Made of 
hard maple and birch, a permanent piece 
used many years. Size 12 x 10% x 1% 


Semi Micro Qualitative and 
Organic Chemistry. W A C O 
Monel Spatulas are nicely 
balanced, permanent pieces, 
Glassware breakage is re- 
duced, as scratching is elimi- 
nated. No. 10115 WACO 
Monel Spatulas 175 mm. long. 
Slightly dished tip to hold 
crystals. $3.10 per doz., $24.00 


per 100. 
At the price, W AC O 


Spatulas class as "Non- 
Returnables!"" 


Write today for FREE brochures .. . 


© Complete Catalogue WACO Semimicro Appa- 
ratus, Vol. 1. 


inches. Without bottles, $3.25 each . . . in 
dozen lots $2.95 each, Specify Cat. No. 
10490-1. 


e Listing of S-M Apparatus according to SEMI- 
MICRO LABORATORY EXERCISES In High 
School Chemistry, Fred T. Weisbruch. 


LABORATORY SUPPLIES AND CHEMICALS 


WILKENS-ANDERSON CO. 


Please Mention School Science and Mathematics when answering Advertisements 


SEMI-MICRO APPARATUS 
mem) 


Moots all students’ learning needs 


The Row-Peterson Algebra Program 
Book 1 and Book 2 


Here is a program that uses the language of the student in teaching 
the language of algebra. It relates problem materials directly to the 
student’s own activities and provides specially developed graphic aids 
to help him visualize algebraic processes. In each book there are chal- 
lenging review, maintenance, and testing activities geared to differences 
in student ability. 


Row, Peterson and Company 


Evanston, Illinois White Plains, New York 


TEACH IN CHICAGO 
SALARY SCHEDULE—$4000 to $8000—in 13 Steps 
CREDIT FOR EXPERIENCE 
For Full Information Write 


BOARD OF EXAMINERS 
Room 242 228 N. LaSalle Street Chicago 1, Illinois 


ADVERTISING PAYS 


When your ads are run regularly in SCHOOL SCIENCE and MATHEMATICS 
Our Rates are low. Compare them with other educational journals. 
We reach the buyers of scientific apparatus and books. 


Reserve space and send copy for our next issue to 


SCHOOL SCIENCE AND MATHEMATICS Box 408, Oak Park, Ill. 
Ray C. Soliday, Bus. Mgr. 
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TREE OF KNOWLEDGE— 
2734 X 21” Wall Chart in Color. 
Price 75¢ each plus 20¢ Mailing 
Charge. 


YOU WILL LIKE GEOM- 
ETRY, Illustrated pamphlet giv- 
ing comprehensive presentations 
of the Mathematic Exhibit at the 
Museum of Science and Industry. 
Price 15¢ each plus 5¢ Mailing 


Charge. 


Address: 


Museum of Science and Industry 
57th & South Shore Drive 
Chieago 37, Illinois 


School Science 


and Mathematics 


will keep you in touch with the 
most recent advances in scientific 
knowledge and teaching methods. 

Classroom helps and_ special 
teaching devices for difficult 
topics are regular features. The 
Problem Department gives in- 
spiration and extra activities for 
superior students. 

The most progressive teachers 
in schools and colleges all over the 
world are regular readers and 
many of them are frequent con- 
tributors to this Journal. 


School Science and Mathematics 
P.O. Box 408, Oak Park, Ill. 
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CENTRAL ASSOCIATION OF SCIENCE AND MATHEMATICS TEACHERS, INC. 
APPLICATION FOR MEMBERSHIP 


I hereby apply for membership in the Central Association of Science and Mathematics 
Teachers, Inc., and inclose $3.50 for annual membership dues, which includes one year's 
subscription to SCHOOL SCIENCE AND MATHEMATICS. I will receive nine issues ot 
this journal, none being published in July, August or September. (Subscriptions beginning 
with January issue expire with December; with October issue expire with June.) 


Begin: JANUARY (2 


Begin: OCTOBER 


(PLEASE PRINT) 


Home Address 


Street 


Postal Zone 


Journals will be sent to home address unless otherwise requested 


Underline Section in which enrollment is desired: Biology, Chemistry, Elemen- 
tary Science, Elementary Mathematics, General Science, Geography, Mathe- 
matics, Physics 


Mail this application with $3.50 (Canada $3.75, Foreign $4.00) to Central Association of 
Science and Mathematics Teachers, Inc., P.O. Box 408, Oak Park, Ill. 


PLEASE CHECK IF YOU FORMERLY WERE A MEMBER [) 


Please Mention School Science and Mathematics when answering Advertisements 
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3 Last Name First Name 
Name of School City State 


An important new text 


BIOLOGY—A BASIC SCIENCE 


Heiss, Lape 


A fresh appraisal of biology for high school students, this entirely 
new text teaches the basic facts, concepts and principles of biology as 
a dynamic and vital force in the students’ daily lives. A functional 
text, it uses the problem approach to help students develop a scientific 
outlook. Published February 1958 


new editions of two popular texts 
SCIENCE IN EVERYDAY LIFE 


1958 edition Oxsourn, Heiss, MONTGOMERY 


An intriguing account of the latest developments in science, written for 


ninth grade general science courses. Published January 1958 


CHEMISTRY—A BASIC SCIENCE 


1957 edition Hoce, ALLEY, BICKEL 


An absorbing study of the latest developments in all branches of 
chemistry. Published Spring 1957 


anil a haste reference in a new edition 


SOURCEBOOK ON ATOMIC ENERGY 


1958 edition GLASSTONE 


Enlarged and brought completely up to date, the Sourcebook offers 
the clearest, most authoritative survey of nuclear energy available 
today. Published March 1958 


D. Van Nostrand Company, Inc. 
120 Alexander Street Princeton, New Jersey 


Please Mention School Science and Mathematics when i Ad 


rtise ments 


Stream of electrons being bent to circular poth 


FROM CENCO— by magnetic field. CENCO e/m APPARATUS. 


FOR ADVANCED PHYSICS STUDENTS 


. . . Intimate contact with subatomic phenomena 


Fire the imagination and enthusiasm Helmholtz coils, the experiment is 
of advanced physics students with this based on the fact that an electron 
instructive apparatus for measuring stream is bent into a circular path by 
the e/m ratio. Using a new improved a magnetic field applied perpendicu- 
electron tube and accurately positioned larly to the path. 


THE EXPERIMENT: The fund tal ti e/m 


is the basis of the experiment. The “V" is read directly. 
Coil current is measured and from it, “H" is determined. 
The radius of the electron path may be read directly in V2 
cm steps on the target within the electron tube. 


Designed to give much longer life than previous models, 
the new electron tube used in the apporatus provides in- 
creased brilliance in a high actinic beam readily visible and 
easy to focus. The concentric rings, with radii of Ya to 2 cm, 
are fluorescent filled so that the point of impact of the beam 
is visible for positioning and accurate measurement. 
Write for further information. 

No. 71264 Cenco e/m Apparatus—complete with Electron 
Tube and operational directions _ . $195.00 


CENTRAL SCIENTIFIC COMPANY 


General Offices and Factory— 1718-1 Irving Park Road «+ Chicago 13, Illinois 

8 hes and Wareh Mountainside, N. J. « Boston « Birmingham 

Central Scientific Co. of California—Santa Clara « Los Angeles 

Refinery Supply Company—Tulsa « Houston 

Central Scientific Co. of Canada, Ltd.—Toronto « Montreal « Vancouver « Ottawa 


ais 
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